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ARITHMETIC. 

(QUESTIONS 1-76.) 



(1 

<2 

• 

(3 
(4 
(5 



See Art. 1. 

See Art. 3. 

See Arts. 5 and 6. 

See Arts. 1 and 11, 

980 = Nine hundred eighty. 

605 = Six hundred five. 

28,284 = Twenty-eight thousand, two hundred eighty- 
four. 

9,006,042 = Nine millions, six thousand and forty-two. 

850,317,002= Eight hundred fifty millions, three hundred 
seventeen thousand and two. 

700,004 = Seven hundred thousand and four. 

(6) Seven thousand six hundred = 7,600. 
Eighty-one thousand, four hundred two = 81,402. 
Five millions, four thousand and seven = 5,004,007. 
One hundred and eight millions, ten thousand and one = 

108,010,001. 

Eighteen millions and six = 18,000,006. 
Thirty thousand and ten = 30,010. 

(7) See Art. 71. 

(8) See Art. 76. 

(9) See Art. 73. 

(10) See Art. 73. 

(11) See Art. 74. 



2 ARITHMETIC. 

13 
(12) -5- is an improper fraction, since its numeratoi 

o 

13 is greater than its denominator 8. 

(13) 4;Uro:«4 

(14) To reduce a fraction to its lowest terms means to 

change its form without changing its value. In order to dc 

this, we must divide both numerator and denominator by 

the same number until we can no longer find any number 

(except 1) which will divide both of these terms without h 

remainder. 

4 
To reduce the fraction -- to its lowest terms, we divide 



both numerator and denominator by 4, and obtain as a re- 

1 4-4-41 4—4 

suit the fraction — . Thus, — ' = — ; similarly, — ' = 

Z O -f- 4 /C lo -T- 4: 

1. ^-^4_2-^2 _1^, 32-J-8 _4-^4_l 
4' 32~4~8-^2~4^ G4-^8""8-^4""2' 

(15) When the denominator of any number is not ex- 
pressed, it is understood to be 1, so that — is the same as 

G -7- 1, or G. To reduce — to an improper fraction whose 

denominator is 4, we must multiply both numerator and 
denominator by some number which will make the denom 
inator of 6 equal to 4. Since this denominator is 1, b} 

6 6 X 4 24 

multiplying both terms of — by 4, we will have -- a ~ T^ 

which has the same value as 6, but has a different form. 

(16) In order to reduce a mixed number to an impropei 
fraction, we must multiply the whole number by the denomi 
nator of the fraction^ and add the numerator of the fr actio), 
to that product. This result is the numerator of the improper 
fraction^ of which the denominator is the denominator of thi 
fractional part of the mixed number, 

7 7 8 

7— means the same as 7 + q-- I^^ 1 there are — ; hence, ir 



ARITHMETIC. 3 

1 there are 7X3- = -^. Add the 5- of the mixed number 

00 .0 

56 7 63 
and we obtain -— + q- = -^, which is the required improper 

000* 

fraction. 

5 _ (13X16) + 5 _213 3 _ (10 X 4) + 3 _ 43 
^"^16 " 16 " 16 ^ 4 "" 4 "" 4 • 

(17) The value of a fraction is obtained by dividing the 

numerator by the denominator, 

13 
To obtain the value of the fraction -— we divide the nu- 

merator 13 by the denominator 2. 2 is contained in 13 six 

times, with 1 remaining. This 1 remaining is written over 

1 
the denominator 2, thereby making the fraction -, which is 

annexed to the whole number 6, and we obtain 6- as the 

4/ 

mixed number. The reason for performing this operation 

2 13 

is the following: In 1 there are — (two halves), and in — 

4t 2 

(thirteen halves) there are as many ones (1) as 2 is con- 
tained times in 13, which is 6, and — (one-half) remaining. 

13 1 1 

Hence, —- = 6 + k" = C^, the required mixed number. 



17 


a 


69 


. 5 


16 




67 


, 3 




"~ 4-r; 




4—: 




2: 




— 1 . 


4 


4' 


16 


16' 


8 


'*' > 


64 


64 



(18) A fraction is one or more of the equal parts of a 
unit, and is expressed by a numerator and a denominator, 
while a decimal fraction is a number of tenths^ hu7idrcdths^ 
thousandths^ etc., of a unit, and is expressed by placing a 
period (.) called a decimal point, to the left of the figures of 
the number, and omitting the denominator. 

(19) See Arts. 158 and 159. 

(20) To reduce the fraction s" to a decimal, we annex 

one cipher to the numerator, which makes it 1.0. Dividing 
1.0, the numerator, by 2, the denominator, gives a quotient 
of .5, the decimal point being placed before the one figure of 



4 ARITHMETIC. 

the quotient, or . 5, since only one cipher was annexed to the 
numerator. 

7 6 

8)7.000 ?i) 5.00000 (.15 625 



.875 



32 



180 

160 125 



200 1000)125.000(.125 

65 192 1000 



100)65.00(.65 80 2500 

600 64 2000 



500 160 5000 

500 160 5000 



I 



«5 



(21 ) .08 = Eight hundredths. 



•«J tU •*-• 



13 1 = One hundred thtrty'One thousmndthM* 



CO 

Xi 
^ OB 5 

•d s s 
a> S Q 



o5 C «4 ^ 

« § O fl 

1 = One tett'thousMndth. 



CO 

"d 

ii "d 2 •, 5 
'd a P •d tj 

j3 C o g C ^ 



v 2 •)=• v 2 r) 

4^ J3 •«-• 4^ J3 (3 

2 7= Twenty-seven miUionths. 



ARITHMETIC. 



i 



fl S o c 

^ A -M ■«-> 



10 8 = 0;i^ hundred eight ten'tbousandtbs* 






I « g A 

g|58 

4J 43 4^ 4-> 

98. 1 1= Ninety-three, and one hundred one tett'tbousmadtbs. 



In reading decimals, read the number just as you would 
if there were no ciphers before it. Then count from the 
decimal point towards the right, beginning with tenths, to 
as many places as there are figures, and the name of the last 
figure must be annexed to the previous reading of the figures 
to give the decimal reading. Thus, in the first example 
given, the simple reading of the figure is eight, and the name 
of its position in the decimal scale is bundredtlis, so that 
the decimal reading is eight liundredtlis. Similarly, the 
figures in the fourth example are ordinarily read twe^ity- 
seven ; the name of the position of the figure 7 in the deci- 
mal scale is milliontlis, giving, therefore, the decimal 
reading as twenty-seven milliontlis. 

If there should be a whole number before the decimal 
point, read it as you would read any whole number, and 
read the decimal as you would if the whole number were 
not there; or, read the whole number and then say **and " 
so many hundredths, thousandths, or whatever it may be, 
as ** ninety-three, and one hundred one ten-thousandths." 

(22) See Arts. 136 and 141. 

(23) See Art. 148. 

(24) See Art. 155. 



6 ARITHMETIC. 

(25) In adding whole numbers, place the numbers to be 
added directly under each other, so that the extreme right- 
hand figures will stand in the same 

3 2 9 column, regardless of the position of 

5 04 those at the left. Add the first 

86 5 403 column of figures at the extreme 

20 74 right, which equals 19 units, or 1 

81 ten and 9 units. We place 9 units 

7 under the units column and reserve 

8 713 5 9 Ans. 1 ten for the column of tens, 8 + 

7 + 9 -f 1 = 25 tens, or 2 hundreds 
and 5 tens. Place 5 tens under the tens column, and reserve 
2 hundreds for the hundreds column. 4 + 5+^ + 2 = 13 
hundreds, or 1 thousand and 3 hundreds. Place 3 hundreds 
under the hundreds column, and reserve the 1 thousand for 
the thousands column. 2+5 + 3 + 1 = 11 thousands, or 
I ten-thousand and 1 thousand. Place the 1 thousand in 
the column of thousands, and reserve the 1 ten-thousand 
for the column of ten-thousands. G + 1 = 7 ten-thousands. 
Place this seven ten-thousands in the ten-thousands column. 
There is but one figure, 8, in the hundreds of thousands 
place in the numbers to be added, so it is placed in the 
hundreds of thousands column of the sum. 

A simpler (though less scientific) explanation of the same 
problem is the following : 7 + 1 + 4+3 + 4 + 0=19; write 
the nine and reserve the 1. 8 + 7 + + + 9 + 1 reserved 
= 25 ; write the 5 and reserve the 2. + 4 + 5+2 + 2 
reserved = 13 ; write the 3 and reserve the 1. 2 + 5 + 3 + 1 
reserved = 11 ; write the 1 and reserve 1. G + 1 reserved = 7; 
write the 7. Bring down the 8 to its place in the sum. 

(26) 7 9 

8304725 

391 

100302 

300 

909 



8,4 7,3 3 Ans. 
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^^V 8+8+8~ 8 "8-"^- ^''^• 

When the denominators of the fractions to be added are 

alike^ we know that the units are divided into the same 

number of parts (in this case eighths^ ; we, therefore, add the 

numerators of the fractions to find the number of parts 

8 
(eighths) taken or considered, thereby obtaining — , or 1, as 

o 

the sum. 

(28) When the denominators are not alike we know that 
the units are divided into unequal parts ^ so before adding 
them we must find a common denominator for the denom- 
inators of all the fractions. Reduce the fractions to fractions 
having this common denominator, add the numerators, and 
write the sum over the common denominator. 

In this case, the least common denominator, or the least 
number that will contain all the denominators, is IG; hence, 
we must reduce all of these fractions to IGths and then add 
their numerators. 

13 5 1 

— 4- TT + tt; = ? To reduce the fraction — to a fraction 
4 8 16 4 

having IG for a denominator, we must multiply both terms 

of the fraction by some number which will make the denomi- 

1X4 4 
nator 16. This number evidently is 4, hence, — ^ = — -. 

^ ' '4x416 

3 
Similarly, both terms of the fraction — must be multiplied 

8 

3x2 6 
by 2 to make the denominator 16, and we have — ^ = -— . 
^ ' 8 X 2 IG 

The fractions now have a common denominator 16; hence, 

we find their sum by adding the numerators and placing 

4 6 
their sum over the common denominator, thus: rr. + t^ + 

1 _ 4+6 + 5 _ 15 
10 ~ 16 ~IC" 

(29) When mixed numbers and whole numbers are to be 
added, add the fractional parts of the mixed numbers 



8 ARITHMETIC. 

separately, and if the resulting fraction is an improper f rac- 

tion,reduce it to a whole or mixed number. Next, add all the 

whole numbers, including the one obtained from the addition 

of the fractional parts, and annex to their sum the fraction 

of the mixed number obtained from reducing the improper 

fraction. 

5 7 

42 + 31-^ + 9— = ? Reducing -^ to a fraction having a 

5x2 10 
denominator of 16, we have — = — . Adding the two 

O X iw lo 

10 7 
fractional parts of the mixed numbers, we have t^ + q-^ = 

16 16 

10+7 _17^ 1 

16 " 16 ■" 16* 

The problem now becomes 42 + 31 + 9 + Ir-^ = ? 

Id 

Adding all the whole numbers and the number obtained 

from adding the fractional parts of the mixed numbers, we 

obtain S3:— as their sum. 
16 

42 

31 

9 

8 3jV Ans. 

(30) 29|+50|+41+e9l=P |=|Jt = ^^ 

5_^ X 2_10 12 10 3 _ 12 + 10 + 3 __ 25 _ _9 

8~"8X2""10' 16 "^16 "^16" 16 "" 10 "" 1(T 

9 
The problem now becomes 29 + 50 + 41 + 69 + 1— = ? 

2 9 square inches. 

5 square inches. 
4 1 square inches. 

6 9 square inches. 
Irff square inches. 



1 9 0^ square inches. Ans. 
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(31) In addition of decimals, the .125 
decimal points must be placed directly .7 
under ecu:h at Iter ^ so that tenths will .0 8 9 
come under tenths^ hundredths under .4005 
hundredtlts^ thousandths under thou- .9 
sandths^ etc. The addition is then .00 00 2 7 
performed as in whole numbers, the 2 214527 Ans 
decimal point of the sum being placed 

directly under the decimal points above, 

(32) 9 2 7.416 

8.2 7 4 
3 7 2.6 
6 2.0 79 38 



137 0.3 6 938 Ans. 



(33) 



oi S a S 
. 0) 5 o S a 

^ A <M <M td n 

.017 

.2 

.000047 

.217047= Two hundred and seventeen thousand 

and forty -seven milliontbs. Ans. 

(34) It will be more convenient to add these numbers 

3 

together if we express 348j decimally, since the remaining 

3 3 

numbers are decimals. 348- is equal to 348.75, since -r=.16. 

yj 4 ^ ' 4 

4)3.00(.75 

28 

"20 
20 



10 
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Since we now have the different weights expressed 
decimally, we find the total weight of the four lengths of 
shafting to be 316.5 lb. + 402.3 lb. + 348.75 lb. + 309.4 lb., 
or 1,376.95 lb. Ans. 

316.5 lb. 
40 2.3 lb. 
3 4 8.7 5 lb. 
3 9.4 lb. 



(35) 

$15.8 3 
14.70 
14.2 8 

13.8 7 

14.9 8 
12.6 5 

$8 6.31 



13 76.9 5 1b. Ans. 

If the cost of the coal consumed by a nest of steam 
boilers amounts to $15.83 on Monday, to 
$14.70 on Tuesday, to $14.28 on Wednes- 
day, to $13.87 on Thursday, to $14.98 on 
Friday, and to $12.65 on Saturday, then, 
we find the total cost of the week's supply 
by adding the different amounts together ; 
hence, $15.83 + $14.70 + $14.28 + $13.87 
Ans. + $14. 98 + $12. 65 = $86. 31. 



(36) The steam engine, during the 12-hour test, showed 

that the number of revolutions made were 150,508, since 

12,600 + 12,444 + 12,467 + 12,528 + 12,468 + 12,590+ 12,610 

+ 12,589 + 12,576 + 12,558 + 12,546+ 12,532 = 150,508 rev. 

Ans. 

12 6 revolutions. 

12 4 4 4 revolutions. 

12 4 6 7 revolutions. 

12 5 28 revolutions. 

1246 8 revolutions. 

125 90 revolutions. 

12 610 revolutions. 

12 5 8 9 revolutions. 

12 5 7 6 revolutions. 

12 5 5 8 revolutions. 

12546 revolutions. 

12 5 3 2 revolutions. 



1505 08 revolut 



ons. Ans. 
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(37) In subtracting whole numbers, place the sub- 
trahend, or smaller number, under the minuend, or larger 

/ \ 5 9 6 2 number, so that the right-hand 

o 3 Q g figures stand directly under each 

• other. Begin at the right to sub- 

4 7 6 2 4 Ans. ^.r^iOX, We can not subtract 8 units 
from 2 units, so we take 1 ten from the 6 tens and add it 
to the 2 units. 1 ten = 10 units^ so we have 10 units + 2 
units = 12 units. Then, 8 units from 12 units leaves 
4 units. We took 1 ten from 6 tens, so only 5 tens remain. 
3 tens from 5 tens leaves 2 tens. In the hundreds column 
we have 3 hundreds from 9 hundreds leaves 6 hundreds. 
We can not subtract 3 thousands from thousands, so we 
take 1 ten-thousand from 5 ten-thousands and add it to 
the thousands. 1 ten-thousand = 10 thousands^ and 10 
thousands + thousands = 10 thousands. Subtracting, we 
have 3 thousands from 10 thousands leaves 7 thousands. 
We took 1 ten-thousand from 5 ten-thousands and have 4 
ten-thousands remaining. Since there are no ten-thousands 
in the subtrahend, the 4 in the ten-thousands column in 
the minuend is brought down into the same column in the 
remainder, because from 4 leaves 4. 

(b) 15339 
10001 



5 3 3 8 Ans. 

(38) {a) 70968 (^) 100000 
32975 98735 



3799 3 Ans. 1265 Ans. 

7 7 
(39) ^ — tt; = ? When the denominators of fractions 
o lb 

are not alike^ it is evident that the units are divided into 

unequal parts, therefore, before subtracting, reduce the 

fractions to fractions having a common denominator. Then, 

subtract the numerators, and place the remainder over the 

common denominator. 
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7X2_14 U 7 __ U-7 _ 7 . 

8x2"i(r 10 k;"" u ~io* " 

7 
13 — 7— = ? This problem may be solved in two ways: 

First: 13 = 12^, since ^ = 1, and 12 J| = 12 + ~ = 

12 + 1 = 13. 

12^ We can now subtract the whole numbers sepa- 
7^^ rately, and the fractions separately, and obtain 12 — 7 

6A =5andi^-^ = l^ = ^. 5 + ^ = 5^. Ans. 

Second: By reducing both numbers to improper fractions 

having a denominator of 16. 

13^13X16^208 7 ^ (7 X 16) + 7 ^ 112+ 7 _ 119 

1 "" 1 Xl6" 16 16 16 16 ~ 16" 

^ ^ . ,208 119 208 - 119 89 
Subtractmg, we have — ~- = j^ = -- and 

89 __ 16)89(53^^ the same result that was obtained by the 
l6 "~ 80 first method. 

9 312r^ - 229|r = ? We first reduce the 

16 • fractions of the two mixed numbers to 
fractions having a common denominator. Doing this, we 

have — = — = — . We can now subtract the whole 

lb Id X ^ oZ 

numbers and fractions separately, and have 312 — 229 = 83 

,18 5 18-5 13 

and ttt: — :r:r = 



32 32 32 32' 

1 8 



312^^ 



229A 83 + 1 = 83l|. Ans. 

83if 

(40) (^) In subtraction of decimals, />/ace the decimal 

points directly under each other ^ and proceed as in the sub- 

7 9 3 traction of whole numbers, placing 

Q.K\A the decimal point in the remainder 

directly tinder the decimal points 

708.7 78C Ans. ^^^,^, 

In the above example, we proceed as follows: We can not 
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subtract 4 ten-thousandths from ten-thousandths, and as 
there are no thousandths, we take 1 hundredth from the 
three hundredths. 1 hundredth = 10 thousandths = 100 ten- 
thousandths, 4 ten-thousandths from 100 ten-thousandths 
leaves 96 ten-thousandths. 96 ten -thousandths = 9 thou- 
sandths -f- 6 ten- thousandths. Write the 6 ten-thousandths 
in the ten-thousandths place in the remainder. The next 
figure in the subtrahend is 1 thousandth. This must be 
subtracted from the 9 thousandths which is a part of the 1 
hundredth taken previously from the 3 hundredths. Sub- 
tracting, we have 1 thousandth from 9 thousandths leaves 8 
thousandths, the 8 being written in its place in the remainder. 
Next we have to subtract 5 hundredths from 2 hundredths 
(1 hundredth having been taken from the 3 hundredths 
leaves but 2 hundredths now.) Since we can not do this, 
we take 1 tenth from 6 tenths. 1 tenth = 10 hundredths, 
and 10 hundredths -f 2 hundredths = 12 hundredths. 5 
hundredths from 12 hundredths leaves 7 hundredths. Write 
the 7 in the hundredths place in the remainder. Next we 
have to subtract 8 tenths from 5 tenths (5 tenths now, 
because 1 tenth was taken from the 6 tenths). Since this 
can not be done, we take 1 unit from the 9 units. 1 unit 
= 10 tenths, 10 tenths + 5 tenths = 15 tenths, and 8 tenths 
from 15 tenths leaves 7 tenths. Write the 7 in the tenths 
place in the remainder. In the minuend we now have 708 
units (one unit having been taken away) and units in the 
subtrahend. units from 708 units leaves 708 units, hence, 
we write 708 in the remainder. 

(b) 81.963 (c) 18.00 {d) 1.000 

1.700 .18 .001 



8 0.2 6 3 Ans. 17.8 2 Ans. .9 9 9 Ans. 

{e) 872.1 — (.8721 + .008) = ? In this problem we are to 
subtract (.8721 + .008) from 872.1. First perform the oper- 
ation as indicated by the sign between the decimals enclosed 
by the parenthesis. .8721 

.0080 
.8 801 .fww. 



j 
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fraction is an improper fraction, reduce it to a whole or 
mixed number. Next, add all the whole numbers, includ- 
ing the one obtained from the addition of the fractional 
parts, and annex to their sum the fraction of the mixed 
number obtained from reducing the improper fraction. 

4 1 3 

First, we will reduce the fractional parts — , — , and — to 

Do 4 

equivalent fractions having the least common denominator. 

In this case the least common denominator equals the 

product of the denominators 5, 3, and 4, since we can not 

divide any two of them by any number (except 1) without 

having a remainder, as can be done in the examples in 

Art. 96# Hence, the least common denominator = 5 X 

4 13 

3 X 4 = 60. Reducing — , —, and — to fractions having this 

least common denominator, we have GO divided by the first 

4 12 48 
denominator 5, equals 12. Then, ^ X t^ = xr,. 60 divided 

IZ oO 

' 1 20 20 

by the second denominator 3, equals 20. Then, ^ X ^777 = ^7:. 

o 20 60 

60 divided by the third denominator 4, equals 15. Then, 

3 15 45 

T X TT = 777;. The sum of these fractions equals 

4 15 60 

48 , 20 , 45 48 + 20 + 45 113 ^53 
= ■ = or 1 — 

60 ^ 60 ^ 60 60 60 ' 60' 

53 
The problem now becomes 482 + 316 + 390 + 1^, the sum 

53 
of which equals 1,189—. . _ _ 

oO 48 ^ 



316 
390 



1 53 



1189|f 
15 00 represents the actual horsepower required. 
1 1 8 9 1-§- represents the indicated horsepower of the en- 
gines in use. 

310-gV, or 310.11f = the H. P. to be developed by the 
new engine. Ans. 
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7 7 

reduced to its equivalent decimal = — 



60 ^ 60)7.00(.llf 

60 

100 
60 

40_2 

60~3' 
(43) 

3 40 = No. of gallons in the tank at the beginning of the 

day. 

4 7 8 0= No. of gallons pumped in during the morning. 

7 8 2 = No. of gallons in the tank after 4,780 gallons were 
added. 

7 2 4 0= No. of gallons drawn out during the morning. 

5 8 = No. of gallons in the tank at the beginning of the 
afternoon. 

8 6 7 5 = No. of gallons pumped in during the afternoon. 

9 2 5 5 = No. of gallons in the tank after 8,675 gallons were 

added. 
7 6 3 3 = No. of gallons drawn out during the afternoon. 
16 2 2 = No. of gallons remaining in the tank at night. Ans. 

(44) The height of the stack equals 45 feet. Since six 
of the plates which make this stack are 7 feet long, the 
length of the six plates equals 6 X 7 or 42 feet. However, 
there is an allowance of 15 inches, or 1 foot 3 inches, for 
lapping, which, deducted from 42 feet, makes a total length 
of 40 feet 9 inches. Since the total height of the stack is 
45 feet, the length of the seventh plate must equal 45 feet— 
40 feet 9 inches, or 4 ft. 3 in. Ans. 

4 5 feet inches 
4 feet 9 inches 



4 feet 3 inches 



(46) Since the inside diameter of the steam pipe is 6.06 
inches, and the outside diameter is 6.62 inches, there is a 
difference of 6.62 — 6.06, or. 56 of an inch, in both diameters. 
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But .56 of an inch is just twice the thickness of the pipe; 
hence, the pipe is - of .56, or .28 of an inch thick. 

(46) In the multiplication of whole numbers, place the 
multiplier under the multiplicand, and multiply each term 
of the multiplicand by each term of the multiplier, writing 
the right-hand figure of each product obtained under the 
term of the multiplier which produces it. 

{a) 5 2 6,3 8 7 7 times 7 units = 49 units, or 

7 4 tens and 9 units. We write 

3,6 8 4.70 9 Ans. ^he 9 units and reserve the 4 

tens. 7 times 8 tens = 56 tens; 
56 + 4 tens reserved = 60 tens, or 6 hundreds and tens. 
Write the tens and reserve the 6 hundreds. 7x3 
hundreds = 21 hundreds; 21 + 6 hundreds reserved = 27 
hundreds, or 2 thousands and 7 hundreds. Write the 7 
hundreds and reserve the 2 thousands. 7x6 thousands = 
42 thousands; 42 + 2 thousands reserved = 44 thousands, 
or 4 ten-thousands and 4 thousands. Write the 4 thousands 
and reserve the 4 ten thousands. 7x2 ten-thousands = 
14 ten-thousands ; 14 + 4 ten-thousands reserved = 18 ten- 
thousands, or 1 hundred-thousand and 8 ten-thousands. 
Write the 8 ten-thousands and reserve the 1 hundred- 
thousand. 7x5 hundred-thousands = 35 hundred-thousands ; 
35 + 1 hundred-thousand reserved = 36 hundred-thousands. 
Since there are no more figures in the multiplicand to be 
multiplied, we write the 36 hundred-thousands in the prod- 
uct. This completes the multiplication. 

A simpler (though less scientific) explanation of the same 
problem is the following: 

7 times 7 = 49 ; write the 9 and reserve the 4. 7 times 
8 = 56 ; 56 + 4 reserved = 60; write the and reserve the 6. 
7 times 3 = 21; 21 + 6 reserved = 27 ; write the 7 and re- 
serve the 2. 7 X 6 = 42 ; 42 + 2 reserved = 44 ; write the 
4 and reserve 4. 7 X 2 = 14; 14 + 4 reserved = 18; write 
the 8 and reserve 1. 7X5 = 35; 35 + 1 reserved = 36; 
write the 36. 
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In this case the multiplier is 17 
(*) 7 0,298 ^^^-^ Qj. jL ten and 7 units, so that 

;|_1_ the product is obtained by adding 

4 9 2 8 6 two partial products, namely, 7 X 

7002 9 8 700,298 and 10x700,298. The 

11905066 Ans actual operation is performed as 

follows : 
7 times 8 = 56 ; write the 6 and reserve the 5. 7 times 
9 = 63; 63 + 5 reserved = 68; write the 8 and reserve the 6. 
7 times 2 = 14; 14 + 6 reserved = 20; write the and re- 
serve the 2. 7 times = 0; + 2 reserved = 2 ; write the 2. 
7 times = 0; + reserved = ; write the 0. 7 times 

7 = 49 ; 49 + reserved = 49 ; write the 49. 

To multiply by the 1 ten we have 1 ten times 8 units = 

8 tens and units. We do not write the units, but write 
the 8 tens under the 8 tens in the first partial product above. 
We next multiply 1 ten, and 9 tens = 90 tens = 9 hun- 
dreds + tens ; write the 9 hundreds under the hundreds 
of the first partial product above. Again, 1 ten times 
2 hundreds = 2 thousands ; write the 2 thousands under the 
2 thousands above. 1 ten times thousands = ten- 
thousands; write the in the ten-thousands place. 1 ten 
times ten-thousands = hundred-thousands; write the 
in the hundred-thousands place. 1 ten times 7 hundred- 
thousands = 7 millions ; write the 7 in the millions place. 
This completes the second partial product. Add the two 
partial products; their sum equals the entire product. 

(r) 217 Multiply any two of the numbers to- 

10 3 gether, and multiply their product by 
6 51 the third number. 
000 
217 



22351 

6^ 

156457 
134106 

1,49 7,517 Ans 
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(47) If your watch ticks every second, to find how 
many times it ticks in one week it is necessary to find the 
number of seconds in 1 week. 

6 seconds = 1 minute. 
6 minutes = 1 hour. 



3,6 seconds = 1 hour. 
2 4 hours = 1 day. 



14400 
7200 



8 6,4 seconds = 1 day. 
7 days = 1 week. 



6 4,8 seconds in one week, or the number of times that 
Ans. your watch ticks in a week. 

(48) (a) There are 3 decimal places in the multi- 

.10 7 plicand and 3 in the multiplier ; hence, 

.013 there are 3 + 3 or 6 decimal places in 

goi the product. Since the product con- 

-l Qw tains but four figures, we prefix two 

ciphers in order to obtain the neces- 

.001391 Ans. g^^.^ gj^ decimal places. 

(^) 2 3 There are 2 decimal places in the 

2-0 3 multiplier and none in the multipli- 

6 9 cand ; hence, there are 2 + or 2 

00 decimal places in the first product. 

40 6 Since in the second multiplication 

there are 2 decimal places in the mul- 
tiplicand and 3 decimal places in the 
multiplier, there are 3 + 2 or 5 deci- 
12 3 6 2 7 mal places in the second product. 

When there are one or more ciphers 

S2 4:1S in the multiplier, multiply just the 

8 3. 6 5 4 2 7 Ans. same as with the other figures. 

(c) First perform the operations indicated by the signs 
between the numbers enclosed by the parentheses, and then 
whatever may be required by the sign between the 
parentheses. 



412.09 
.203 
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31.8 5 

* The first parenthesis shows that the 

2 2 2 9 5 numbers 2.7 and 31.85 are to be multi- 

6 3 7 plied together. 

85.9 9 5 

3.16 
The second parenthesis shows that o i g 

.316 is to be taken from 3.16. 

2.844 

The product obtained by performing the operation indi- 

8 5.9 9 5 cated by the signs within the first 

2.8 44 parenthesis is now multiplied by the 

remainder obtained byvperforming the 

operation indicated by the signs within 
o4d9o0 ., J A_i • 

^ ^ ^ ^ ^ ^ the second parenthesis. 

68 796 ^ 

171990 

244.569 780 Ans. 

(d) (107.8 + 6.541 - 31.96) X 1.742 = ? 

10 7.8 8 2.3 81 

+ 6.541 X 1.742 

114.341 164 762 

— 31.96 329524 

"77777 676667 

^^•^^^ 82381 



143.507702 Ans. 

(49) If an engine and boiler are worth 83,246, and the 
building is worth 3 times as much plus 81,200, then the 
building is worth 

83246 

3 times 



9738 
plus 12 00 

810 9 3 8 = value of building. 
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If the tools are worth twice as much as the building, plus 
$1,875, then the tools are worth 

$10938 
2 



21876 
plus 18 7 5 



$23751 = value of tools. 
Value of building = $10938 
Value of tools = 2 3 7 51 



$34689 = value of the building 

and tools, (a) Ans. 
Value of engine and 

boiler = $ 3 2 4 6 

Value of building 

and tools = 3 4 6 8 9 



$ 3 7 9 3 5 = value of the whole 

plant, {b) Ans. 

(50) If one 3-inch tube measures 15^ ft. in length, 60 of 

these tubes would measure 60 X 15^ ft., or 930 

15^ ft. in length. If 1 foot of tubing heats a sur- 

6 face of .728 sq. ft., then it is evident that 

^^ 930 ft. of tubing would heat a surface of 930 X 

3 Q .728 ft., or 677.04 sq. ft. 



930 ft. .7 28 

930 



21 840 
655 2 



6 7 7.040 sq.ft. 

(51) If in 1 hour 10 pounds of coal are burned for every 
square foot of grate area, and 9 pounds of water are 
evaporated for every pound of coal burned, then in 1 hour 
there would be 9 X 10 or 90 pounds of water evaporated 
for 1 sq. ft. of grate area ; and since the grate area is 30 sq. 
ft., the amount of water evaporated would be 30 X 90 = 
1,700 lb. Since 2,700 lb. of water are evaporated in 1 
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hour, in a day of 10 hours there would be 10 X 2,700 lb., or 
27,000 lb. of water evaporated. 

(52) Each stroke of the engine is 18 inches in length. 
Since the piston makes 2 'strokes for each revolution, it 
would pass over a distance of 2 X 18 inches = 36 inches, or 

3 feet in 1 minute, and in making 160 

48 ft. revolutions it would pass over 160 X 3, or 

X 60 480 ft. Since 480 ft. are passed over in 1 

2 8 8 ft. minute, in 1 hour, or 60 minutes, the dis- 

2 8 ft tance passed over equals 60 X 480 = 28,800 

^ ^ ft. Since the steam engine runs 6 days a 

X 1 

28800 week and 8— hours per day, the total num- 

144000 I 

—- — ^ ^ ^ ber of hours it runs per week = 6 X 8—, or 

1468800 ^ 2' 

51 hours. If the piston passes over a dis- 
tance of 28,800 ft. in 1 hour, in 51 hours it would pass over 
51 X 28,800 ft., or 1,468,800 ft. Ans. 

(53) Since the first pump delivers Ij gallons for each 

stroke, and runs at the rate of 75 strokes 
per minute, then the number of gallons 
delivered by the first pump equals 75 X 

li = 75 X 1.25 = 93.75 gallons. 



1.2 5 

X 75 


625 

875 


9 3.7 5 

7 

j-=. 875, since 

8)7.000 


.875 

.875 
X 115 


4375 
876 
875 


100.625 



7 
The second pump delivers — or . 875 of a 

o 

gallon for each stroke, and runs at the rate 
of 115 strokes per minute ; then the total 
number of gallons delivered by the second 
pump equals 115 X .875 = 100.625 gallons. 
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The third pump delivers 1^, or 1.625 
8)5.000 8' 

(since — = .625) gallons, for each stroke, 

o 

and runs at the rate of 96 strokes per 
minute ; then, the total number of gallons 
delivered by the third pump equals 96 X 
1.625 = 156 gallons. 

The total number of gallons delivered 
by the three pumps in one minute equals 
93.75+100.625 + 156 gallons, or 350.375 
gallons. Since there are 60 minutes in 1 
hour, we find that the total number of 
2102 2.500 gallons of water fed to the boilers in 1 

hour equals 60 X 350.375 = 21,022.5. Ans. 

(54) (a) 84)962842.0000(11462.4047+ Ans. 

84 



.625 


1.625 


X 96 


9750 


14625 


156.000 


3 5 0.375 


60 



122 
84 



388 
336 

524 
504 



202 
168 



340 
336 



400 
336 



640 

588 

"72 

84 IS contained in 96, once. Place 1 as the first figure in 
the quotient and multiply the divisor 84 by it. Subtract 
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the product, which is 84, from 96, leaving a remainder of 
12. Bring down the next figure in the dividend, which is 2, 
annex it to 12, making a new dividend of 122. 

84 is contained in 122 once. Place 1 as the second figure 
in the quotient and multiply the divisor 84 by it. Subtract 
the product (84) from 122, leaving a remainder of 38. Bring 
down the next figure in the dividend, which is 8, annex it to 
38, making a new dividend of 388. 

84 is contained in 388 4 times. Place 4 as the third 
figure in the quotient and multiply the divisor 84 by it. 
The product is 336. Subtract the product from 388, leav- 
ing a remainder of 52. Bring down the next figure, which 
is 4, annex it to 52, making a new dividend of 524. 

84 is contained in 524 6 times. Place 6 as the fourth 
figure in the quotient. Multiply the divisor 84 by it and 
subtract the product (504) from 524, leaving a remainder of 
20. Bring down the next figure, which is 2, annex it to 20. 
making a new dividend of 202. 

84 is contained in 202 2 times. Place 2 as the fifth figure 
in the quotient. Multiply the divisor 84 by it, and sub- 
tract the product (168) from 202, leaving a remainder of 34. 
If it is desired to carry the quotient to 4 decimal places, 
annex 4 ciphers to the dividend and continue in the same 
way. In the quotient point off as many decimal places 
as there are ciphers annexed, or, in this case, four decimal 
places. 

{6) 63)39728.000(630.603+ Ans. 
378 



*63 is not contained in 38, so 

1 ft Q 

we place a cipher in the quo- 

3 8 0* tient and bring down the next 

3 7 8 figure in the dividend, which is 

2QQ a cipher that has been annexed, 

j^ g Q making a new dividend of 380. 

11 
63 is contained in 380 6 times. 6 X 63=378. Subtracting 
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378 from 380 leaves 2. Bringing down the next figure 
in the dividend we have 20 for a new dividend. G3 is not 
contained in 20, so we place a cipher in the quotient and 
bring down the next cipher in the dividend, making a new 
dividend of 200. 63 is contained 3 times in 200. 

(c) 108)29714.0000(275.1296 Ans. 
216 



811 (d) 135)406089.0000(3008.0666 
75 6 40 5 Ans. 



554 *1089 

540 1080 



140 900 

108 810 



320 900 

216 810 



1040 900 

972 810 



680 90 

648 



3 2 

♦135 is not contained in 10, so we place a cipher as the 
second figure in the quotient. Bringing down the next 
figure 8 and annexing it to 10, we have a new dividend of 
108. 135 is not contained in 108, so we place a cipher as 
the third figure in the quotient, and bring down the next 
figure in the dividend, or 9, and annex it to 108, making a 
new dividend of 1,089. 135 is contained in 1,089 8 times. 
Write 8 as the fourth figure in the quotient. Multiply 135 
by 8 and subtract the product (1,080) from 1,089, which 
leaves a remainder of 9. Bring down the next figure in the 
dividend, which is a cipher that has been annexed, annex it 
to the remainder 9, making a new dividend of 90. As 135 
is not contained in 90, we place a in the quotient 
and bring down another cipher from the dividend, making 
a new dividend of 900. 135 is contained in 900 6 times. 
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Write 6 as the next figure in the quotient, multiply 135 by 
6 and subtract the product (810) from 900, which leaves a 
remainder of 90. Bring down the next figure (0) in the 
dividend, annex it to the remainder 90, making a new 
dividend of 900. 135 is contained in 900 six times. Place 
6 as the next figure in the quotient and multiply the 
divisor by it. It is plain that each succeeding figure of 
the quotient will be 6. Point off four decimal places in 
the quotient, since four ciphers were annexed. 

(55) In division of fractions, invert the divisor (or, in 
other words, turn it upside down) and proceed as in multi- 
plication. 

/ X oi. 5 35 16 35 X 16 560 ^^f ^ 
(^)35-- = -X-^ = -j^^ = -^=112. Ans. 

(h\ A_q~-i_i-AvL- 9X1 _ _9. _ _3. A 
^^ 16 • "^ ~ 16 • 1 "" 16 ^ 3 " 16 X 3 "" 48 " 16* ^^^• 

.17 17 9 _17^1 _17X1 _17 . 

^'^ 2 ""^""2 ""1 " 2/^9 ""T^r9"""l8' ^''^• 

///\ IH^-I-iH 16 _ 113 X 16 _ 1,808 _ 
^ ^64 • 16 "" 64 ^ 7 "" 64 X 7 " 448 " 

452 _ 113 

112 ~ 2 8)113(4^. Ans. 
112 ^^ 



3 3 

{e) 15 J -^ 4^ = ? Before proceeding with the division, 

reduce both of the mixed numbers to improper fractions. 

Thus. 15^ = (l^><i)±5 = «2±3 = 63 ^^^ ^ ^ (4x8)+3^ 
'4 4 4 4' 8 8 

32 + 3 35 »,, , , . 63 35 , . ^ ^ 

— g — = g-. The problem is now — -7- — = ? As before, 

..,,.. , ,,. , 63 35 63^ 8 63 X 8 

invert the divisor and multiply : -r-^-7r = -rX — = — = 

^•^'4 8 4 35 4X35 

504^252_126_18 18 

140 " 70 " 35 " 5 * 5 ) 1 8 ( 3|. Ans. 

15 ^ 

"3 
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(56) (a) .875-^1 =.875 -^.5 (since |- =.5^ = 1.75. Ans. 

Another way of solving this is to reduce .875 to its equivalent 
common fraction and then divide. 

7 875 175 35 7 7 

.875 = -, since .875 = j^^ = — =- = -; then, - ^ 

1^7 2^ 7X2 ^ 14 _7^ 3 
2 8 1 8 8 4 4* 

Since t = r\ q o T 7 ^ Ij = 1.75, the same answer as 

2 8 ' above. 



20 
20 



/AX '' ^71/. ;, 1\ 72 

(*) 8-^-^ = 8-^2 r^^^-^ = 2) = 8Xr = 



7X2 

8 



-—=-- = 1t> or 1.75. Ans. 
8 4 4 

7 
This can also be solved by reducing — to its equivalent 

7 
decimal and dividing by .5; ~=.875; .875 — .5 = 1.75. 

o 

Since there are three decimal places in the dividend and 
one in the divisor, there are 3 — 1, or 2 decimal places in 
the quotient. 

375 X i 
{c) \_ 12^ = ^ We will solve this problem by first 

reducing the decimals to their equivalent common frac- 
tions. 

375 75 15 3 3 1 3 

•^^^ = i;0()0=2()0 = 40 = 8- 8 X J = 3^, or the value 

of the numerator of the fraction. 

125 25 1 1 

•^^^ ~ roOO ~ 200 " 8 * ^^^^^^^g 8 ^^ 16ths, we have 

1X2 2' ^. 5 2 3 ^, _ ^ ^ 

8"^ = 16- ^^^^' 16"l6 = l6' ^' ^^^ ^^^^^ ^^ *' 
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denominator of the fraction. The problem is now reduced to 

3_ 3^ 

32_ §2_^^^_^ 16_48___ 1 

3^ ~ • _3 "" 32 • 16 " 32 3 "" 96 " 2 ^^ 
16 16 

(57) {a) (72 X 48 X 28 X 5) - (84 X 15 X 7 X 6). 
Placing the numerator over the denominator the problem 
becomes 72 X 48 X 28X5 ^ 

84 X 15 X "7 X 6 "■ 

The 5 in the numerator and 15 in the denominator are 
both divisible by 5, since 5 divided by 5 equals 1, and 15 
divided by 5 equals 3. Cross off the 5 and write the 1 over it ; 
also cross off\h& 15 and write the 3 under it. Thus, 

1 

72 X 48 X 28 X ^ _ 

84x;^x7x6"" 
3 

72 in the numerator and 84 in the denominator are divisible 

by 12, since 72 divided by 12 equals 6, and 84 divided by 12 

equals 7. Cross off the 72 and write the 6 over it ; also, 

cross off the 84 and write the 7 under it. Thus, 

6 1 

y$l X 48 X 28 X ^ _ 

fttx;^x7x6 " 

7 3 
Again, 28 in the numerator and 7 in the denominator are 
divisible by 7, since 28 divided by 7 equals 4, and 7 divided 
by 7 equals 1. Cross off the 28 and wrife the 4 over it; also, 
cross off the 7 and write the 1 under it. Thus, 

6 4 1 

y$Z X 48 X ^^ X ^ ^ 

X ;^ X T X 6 
3 1 

Again, 48 in the numerator and 6 in the denominator are 

divisible by 6, since 48 divided by 6 equals 8, and 6 divided by 

6 equals 1. Cross off the 48 and write the 8 over it ; also, 

cross off the 6 and write the 1 under it. Thus, 



f 



h 
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6 8 4 1 

y^ X ^ X ^3 X ^ _ 

?^x;^x7x0" 
7 3 11 

Again, 6 in the numerator and 3 in the denominator are 
divisible by 3, since 6 divided by 3 equals 2, and 3 divided by 
3 equals 1. Cross off the, 6 and write the 2 over it ; also, cross 
offlYie^ 3 and write the 1 under it. Thus 

2 

8 4 1 
^^ X ^ X ^^ X ^ 

ftl X ;^ X T X r 

7 3 11 
1 

Since there are no two remaining numbers (one in the 
numerator and one in the denominator) divisible by any 
number except 1, without a remainder, it is impossible to 
cancel further. 

Multiply all the uncanceled numbers in the numerator 
together, and divide their product by the product of all 
the uncanceled numbers in the denominator. The result 
will be the quotient. The product of all the uncanceled 
numbers in the numerator equals 2 X 8 X 4 X 1 = 64; the 
product of all the uncanceled numbers in the denominator 
equals 7x1x1x1=7. 

2 

8 4 1 
„ y^ X ^ X ^3 X ^ _ 2X8X4X1 _ 64 _ 1 

^^''''^' fttx;^xTx0""7xlxlxl"7"-T- ^"'• 
7 3 1 1 

1 

{b) (80 X 60 X 50 X 16 X 14) ^ (70 X 50 X 24 x 20). 
Placing the numerator over the denominator, the problem 

becomes 80 X 60 X 50 X 16 X 14 __ 

70 X 50 X 24 X 20 " 

The 50 in the numerator and 70 in the denominator are 

both divisible by 10, since 50 divided by 10 equals 5, and 70 

divided by 10 equals 7. Cross off the 50 and write the 5 

over it ; also, cross off the 70 and write the 7 under it. Thus, 
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5 
80 X 60 X ^0 X 16 X 14 _ 

y^ X 50 X 24 X 20 ~ 

7 

Also, 80 in the numerator and 20 in the denominator are 
divisible by 20, since 80 divided by 20 equals 4, and 
20 divided by 20 equals 1. Cross off the 80 and write the 
4 over it ; also, cross off the 20 and write the 1 under it. Thus, 

4 5 

^0 X 60 X ^0 X 16 X 14 _ 

70x60x24x^0 ~ 
7 1 

Again, 16 in the numerator and 24 in the denominator are 
divisible by 8, since 16 divided by 8 equals 2, and 24 di- 
vided by 8 equals 3. Cross off the 16 and write the 2 over 
it ; also, cross off the 24 and write the 3 under it. Thus, 

4 5 2 

?0 X 60 X ^0 X ;0 X 14 _ 



70 X 50 X # X ^ 
7 3 1 

Again, 60 in the numerator and 50 in the denominator 
are divisible by 10, since 60 divided by 10 equals 6, and 
50 divided by 10 equals 5. Cross off the 60 and write the 

6 over it ; also, cross off the 50 and write the 5 under it. Thus, 

4 6 5 2 
^0 X 00 X ^0 X ;0 X 14 _ 

70 X ^0 X # X ?0 ~ 
7 5 3 1 

The 14 in the numerator and 7 in the denomihatoti are 
divisible by 7, since 14 divided by 7 equals 2, and 7 divided by 

7 equals 1. Cross off the 14 and write the 2 over it ; also, 
cross off the 7 and write the 1 awrf^-r it. Thus, ~ 

4 6 5 2 2 ^/ 

^0 X 00 X ^0 X ;0 X ;^ _ 

70X^0X^^X# ~ 
7 6 3 1 
1 

The 5 in the numerator and 5 in the denominator are 

divisible by 5, since 5 divided by 5 equals 1. Cross off the 
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5 of the dividend and write the 1 over it ; also, cross oflf the 

6 of the divisor and write the 1 under it. Thus, 

1 

4 6^22 

jr /J 3 1 
111 

The C in the numerator and 3 in the denominator ate 

divisible by 3, since 6 divided by 3 equals 2, and 3 divided 

by 3 equals 1. Cross <7^the 6 and place 2 over it; also, cross 

off the 3 and place 1 under it. Thus, 

2 1 
4 0^22 

^p X 00 X ^0 X ;0 X ;4 _ 
;0 X ^0 X ^ X # 

T ^ ^ 1 
111 

2 1 

4 0^22 
|?0X00X00x;0x;# _ 4x2xlx2x2 _32_ 

' ;0X/10X^X# ~ 1x1x1x1 ~1~ 

;r ^ ^ 1 •^"^• 

111 

(58) (^)I=7-l = 7x^ = ^^ = ii^ = 37i. Ans. 

^ 3 

The heavy line indicates that 7 is to be divided by :— . 

15 3 

, . 32 _ 15 _ 5 _ 15 8 _ ;^x^ - 3 - 7;c A 
^^ 5 ^ 32 • 8 " 32 ^ 5 " ^^ X ^ "" 4 ~ '^^^ 

"8 4 

^ V 1.25 X 20 X 3 __ In this problem 1.25 X 20 X 3 

^ ' 87 + 88 ~" constitutes the numerator of the 
459 + 32 complex fraction. 

1.25 
X 20 

2 5.00 Multiplying the factors of the numerator 
X 3 together, we find their product to be 75. 

75 



ARITHMETIC. 33 

87 -4- 88 
The fraction .^^ . -^ constitutes the denominator of 

the complex fraction. The value of the numerator of this 
fraction equals 87 + 88 = 175. 

The value of the denominator of this fraction is equal to 
459 -f 32 = 491. The problem then becomes 

1^ 3 

75 _ 1 _75 175_75 491_ y^x491 1,473 _^ 3 

175"175~"1 * 491" 1 ^175"" M "" 7 -^^^7* 

491 491 7 Ans. 

(59) The pitch of the rivets is the distance between the 
centers of the rivets. Hence, since the distance around the 
cylindrical boiler is 166.85 in., and there are 72 rivets in one 
of the seams, the pitch of the rivets equals 166.85 -t- 72 
= 2.317 + in. Ans. 

72) 166.850 ( 2.317 + 
144 



228 
216 



125 

72 



530 
604 
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(60) If a keg containing 133 boiler rivets weighs 100 
pounds, then each rivet must weigh as much as 133 is con- 
tained times in 100, or .75 of a pound. 

133 ) 100.00 (.76+ Ans. 
931 



690 
Q^6 



25 
Since there are 2 decimal places in the dividend and 
decimal places in the divisor, we must point off 2 — = 
2 decimal places in the quotient, or answer. 
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(61) If the distance around a fly-wheel is 56.5488 ft., 

«^.^^v..^,...^o/.«i- which is 3.1416 times its di- 
3.1416 ) 56.5 4 88 ( 18 ft. ^ ^, . ,. 

Q 1 J. 1 r ameter, then its diameter 

must equal 56. 5488 -^ 3. 1416 = 
251328 ,,^^/^ 

^^^^^^ If the diameter of the fly- 

wheel is 18 ft., then it is evi- 
dent that the diameter of a wheel one-half as large must be 

-of 18 ft., or 9 ft. 

(62) Since 1 load consists of 1,600 bricks, 8 loads con- 
sist of 8 X 1,600 = 12,800 bricks. Since 1 team can draw 
12,800 bricks in 1 day, 6 teams can draw 6 times as many, 
or 6 X 12,800 = 76,800 bricks in 1 day. Since 6 teams can 
draw 76,800 bricks in 1 day, to draw 980,000 bricks, it will 
take them as many days as 76,800 is contained times in 
980,000, or 12.76 + days. Ans. 

76800) 980000.00 (12.7 6 + 
76800 
212000 
153600 



584000 
537600 
464000 
460800 



3200 

Since there are 2 decimal places in the dividend and 
decimal places in the divisor, we must point off 2 — = 
2 decimal places in the quotient. 

(63) 28 acres of land at $133 an acre would cost 
28 X $13 3 = 83,724, 
28 
1064 
266 
$3724 
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If a mechanic earns 81,500 a year, and his expenses are 
8968 per year, then he would save 81 5 — 8968, or 8532 per 
year. 9 6 8 

8532 

If he saves 8532 in one year, to save 83,724 it would take as 
many years as 8532 is contained times in 83,724, or 7 years. 

532)3724(7 years. Ans. 
3724 





7 

(64) -^ = value of the fraction, and 28 the numerator. 

o 

We find that 4 multiplied by 7 = 28, so multiplying 8, the 

denominator of the fraction, by 4, we have 32 for the required 

28 7 
denominator, and ^ = -^. Hence, 32 is the required de- 

nominator. 

(65) 1 plus .001=1.001. .01 plus .000001 = .010001. 
And 1.001 -.010001 = 

1.001 
.010001 



.990999 Ans. 

(66) If the freight train ran 365 miles in one week, and 
3 times as far, lacking 246 miles the next week, then it ran 
(3 X 365 miles) — 246 miles, or 849 miles the second week. 
Thus, 

365 

3 



1095 
- 246 



8 4 9 miles. Ans. 

(67) The distance from Philadelphia to Pittsburg is 354 
miles. Since there are 5,280 feet in 1 mile, in 354 miles 
there are 354 X 5,280 feet, or 1,869,120 feet. If the driving 
wheel of the locomotive is 16 feet in circumference, in going 
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(71) 72.6 feet of fencing at $.50 a foot would cost 

7 2.6 X .50, or $36.30. 
.60 



$36,300 

If, by selling a carload of coal at a profit of $1.65 per ton, 
I make $36.30, then there must be as many tons of coal in 
the car as 1.65 is contained times in 36.30, or 22 tons. 

1.6 5 ) 3 6.3 ( 2 2 tons. Ans. 
330 



330 
330 





5 . . 

(72) 14 ft. 5 in. = 14— ft., since 12 inches equal 1 foot. 

Of the six pieces of connecting pipe between an engine and 
boiler, there are three pieces each measuring 14 ft. 5 in., or 

14t^ ft. ; hence, the total length of the three pieces equals 

3xl4^-3xi^-^^^-43^ft 
dX14j,^-^X ^^ - i^-4d^ tt. 

Since each of the other two pieces is 12 ft. 6 in., or 12- 

Z 

ft. in length, the total length of these two pieces equals 2 X 
12- ft. = 25 ft. The remaining piece of pipe is 8 ft. 10 in., 

or 8*- ft. in length, since 10 in. = — r, or -- of a ft. (there 

U 1/0 u 

being 12 inches in 1 foot). Adding these different lengths 
will give the total length of the six pieces of pipe. How- 
ever, before adding we will reduce the fractions of the two 

15 
mixed numbers 43 j and 8- to fractions having a common 

113 3 5 5 

denominator. Doing this, we have— = . X:r = T7T; :r=« X 

^ ' 4 4'^3 12' 6 6 

2 10 '-^ 10 1*? 1 

2^ 12' 12"'"i2^T2~ "^12 ^^* '^^^ ^^"^ ^^ ^^^ whole 
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numbers equals 43 ft. + 25 ft. + 8 f t. = 76 ft. , which added 
to 1— ft. gives 77:r5 ft. as the total length of the connect- 

ing pipe. Since 1 ft. of pipe weighs 10- pounds, then it is 

1 1 925 

clearly seen that this pipe would weigh 77r^ X 10^ = -j^ X 

7 4 

^ ^6^ ^ 8Q9|^ Qj. 809.375 lb. Ans. 

11 I = .375, since 8)3.000 

X 12 8 ' ' 



.376 



154 

77 

924 

+ 1 

92^ 

17 1 
(73) Since these four bolts measure 2-, 6-, 3—, and 4 

Z 8 16 

7 
inches, respectively, together they will measure 16— inches, 

Id 

17 1 7 

since 2^ + 6— + 3-3 + ^ = I^tb- Reducing the fractions of 
/i o lb lb 

the mixed numbers to a common denominator, we have 

1-1 5.-1.. I-Z. ^_1^. 8 14 1 _ 8 + 14 + 1 _ 
2 ~2 ^8 "~16' 8""8 ^2""16' 16"^16"^16~ 16 ~' 

OQ ly 7 7 7 

^=^JQ' ^ + ^ + ^ + ^+^T6 = ^^l6- If 1^ of an inch is 
allowed for cutting and finishing each bolt, then the allow- 

7 28 12 
ance for the 4 bolts would equal 4: x z-^ = rr* = Itt. inches, 

lb lb lb 

7 7 3 

I^r5 which added to 16— inches equals 18-r inches, 

lb 16 16 

12 the length of the piece of iron required. Ans. 

I6 






• 



40 ARITHMETIC. 

(74) A double belt of a certain width can transmit 64-, 
or 64.5 horsepower. If this is — of the power transmitted 

by one single belt, then -z- of the power transmitted would 

1 7 

equal — of 64.5, or 6.45 horsepower, and — would equal 

7 X 6.45 horsepower, or 45.15 horsepower. Since 1 single 
belt of a certain width can transmit 45. 15 horsepower, it is 
clearly evident that 2 single belts, when running under the 
same conditions, would transmit 2 X 45.15, or 90.3 horse- 
power. Ans. 

(75) Before solving, we will reduce the several lengths 
to the same denomination, in this case feet. Since 12 inches 
= 1 foot, 

18 ft. 6 in. = 18^, or 1%^ ft. ; 

16ft.9iin. =16^=16^ = 16^1 ; 

/19_19_12_19 i^__19\ 
V2 • ^'^^ 2 * 1 "" 2 ^ 12""24/' 

22 ft. 2 in. = 22^, or 22^ ft. ; 
20 ft. ^ in. = 20^ = 20^ = 2o|^. 

V 2 • "^ "■ 2 • 1 "" 2 ^ 12 "" 24;- 
Adding the different lengths, we have 

18^ ft. +16^ ft. + 22^ ft. + 20^ ft. = 78^ ft. 

1 19 1 17 

Reducing -, — , — , and — to fractions having a common 

1 12 19 19 
denominator, as in problem 42, we have -- = — ; o7 = oi* 

1 4 , 17 17 .,,. , 12+19 + 4 + 17 
6 = 24' ^^^ 24 = 24- ^^^^^^' ^^ ^^^^ 24 = 



ARITHMETIC. 41 

« 

^Ti = 2^77, or 2—, which added to the sum of the whole 
24 24 6 

numbers, or 76, equals 78- ft. Ans. 

6 

18i ft. 

1 6H ft. 

22| ft. 

2 Oil ft. 

76 it. 

H ft. 

7 8| ft. 

(76) The total horsepower developed equals 48. 63 + 
45.7 + 46.32 + 47.9 + 48.74 + 48.38 + 48.59 = 334.26. 

Since the horsepower developed equals 334.26, then the 
average horsepower developed must equal 334.26 -h 7, or 
47.75 + H.P, 

48.63 

46.7 

46.32 

47.9 

48.74 

48.38 

48.59 

834.26 



VlLi 
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(81) Since percentage = base X rate, rate = percen- 
tage -T- base.* 

As percentage = 10 and base = 10, we have rate = 10-4- 
10 = 1. 

But 1 = -^ and -^^ = lOOjif ; hence, the rate (1) means 

that 10 is 100^ of 10. 

(82) (a) Rate = percentage -r- base. 

As percentage = $176.54 and base = $2,522, we have 
rate = 176.54 -7- 2,522 = .07 = 7^. Ans. 

2522)176.54(.07 
176 54 

(b) Base = percentage — rate. 

As percentage = 16.96 and rate = 8^ = .08, we have 
base = 16.96 -r- .08 = 212. Ans. 

.08) 16.96 (212 
16 



9 
8 

16 
16 

(c) Amount is the sum of the base and percentage; 
hence, the percentage = amount minus the base. 

Amount = 216.7025 and base = 213.5; hence, percentage 
= 216.7025 - 213.5 = 3.2025. 

Rate = percentage -r- base. 

As percentage = 3.2025 and base = 213.5, we have rate = 
3. 2025 -7- 213. 5 = . 01 5. Ans. 

213.5 ) 3.2025 (.015 = H^ 
2135 



10675 
10675 



* Remember that an expression of this form means that the first 
term is to be divided by the second term* Thus^ as above ^ it means 
percentage divided by base. 



ARITHMETIC. 45 

(d) The difference is the remainder found by subtracting 
the percentage from the base ; hence, base — the difference 
= the percentage. Base = 207 and difference = 201.825; 
hence, percentage = 207 — 201.825 = 5.175. 

Rate = percentage ~ base. 

As percentage = 5.175 and base = 20 7) 5.17 5 (.026 
207, we have rate = 5.175 -h 207 = 414 

. 025 = . 02^ = 2^^. Ans. ^ ^ ^ ^ 

2 2"^ 1035 

(83) Since 5,500 lb. represent an increase of 15j^ over 
the consumption when the condenser is used, 5,500 lb. must 
be the amount, 15^ the rate, and the number of pounds con- 
sumed when the condenser is running (to be found) the 
base. 

Base = amount -^ (1 + rate) = 5,500 -^ (1 + .15) 
= 5,500 ~ 1.15 = 4,782.61 lb., nearly. Ans. 

1.15) 5500.0000 ( 4782.61 
460 



900 
805 



950 
920 



300 
230 



700 
690 



100 
115 

Or, this problem could also have been solved as follows : 
100^ = the number of pounds consumed when the con- 
denser is running. If there is a gain of 15^, then lOOj^ + 15^, 
or 115^ = 5,500 lb., the amount used when the condenser is 

not running. If 115^ = 5,500 lb., 1^ = -1^ of 5,500 = 47.8261 

lit) 

lb., and 100^ = 100 X 47.8261 = 4,782.61 lb. Ans. 
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(84) 24 i of $950 = 950 X .24 = $228 
12^^ of $950 = 950 X .125 = 118.76 
17 i of $950 = 950 X .17 = 161.50 

53,y^ of $950 = $508. 25 

Ai 

The total amount of his yearly expenses, then, is $508.25; 
hence, his savings are $950 — $508.25 = $441.75. Ans. 

Or, as above, 24^ + 12-^ + 17j^ = 63-j^, the total percent- 
age of expenditures ; hence, 
$950 X .535 = $508.25, and 
$950 — $508.25 = $441.75 = his yearly savings. Ans. 

(85) The percentage is 961.38 and the rate is 37^-^. 

2 

Base = percentage -5- rate 

== 961.38 -^ .375 = 2,563.68, the number. Ans. 

.375) 961.38000(2563.68 
Another method of solv- 750 

ing is the following: 2113 

If 37^-^ of a number is ^^^^ 

^ 2388 

961.38, then .37^ times the 2250 



number = 961.38 and the 



1380 
1125 



number = 961.38 ^ -^V* 2 5 50 

which, as above = 2,563.68. ^^^^ 

Ans. 3000 

3000 



(86) Here $1,125 is 30 j^ of some number; hence, $1,125 
= the percentage, 30^ = the rate, and the required number 

is the base. 

Base = percentage -t- rate. 

= $1,125-^.30 = $3,750. 

3 1 

Since $3,750 is j of the property, one of the fourths is -^ 
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4 
of $3,750 = 11,250, and j, or the entire property, is 4x11,250 

= 15,000. Ans. 

(87) Here, $4,810 is the difference and 35^ the rate. 
Base = difference -4- (1 — rate) 

= $4,810 -f- (1 - .35) = $4,810 -4- .65 = $7,400. Ans. 
.65)4810.00( 7400 

455 



260 1.00 

260 .35 



.65 

The solution can also be effected as follows : 100^ = the 
sum diminished by 35j^, then (1 — .35) = .65, which is $4,810. 

7f 65^ = $4,810, 1^ = ~ of 4,810 = $74, and 100^ = 100 X 

DO 

$74 = $7,400. Ans. 

(88) The volume of the clearance in a steam-engine cyl- 
inder = 18.3 cu. in., and the volume of the cylinder, neglect- 
ing the clearance, = 254. 5 cu. in. We wish to know what 
percentage of the cylinder volume is the clearance, or what 
per cent, of 254.5 is 18.3. 

254.5 is -the base. 
18.3 is the percentage. 

The rate, which we wish to find, equals the percentage 
-5- base = 18. 3 -5- 254. 5 = 7.2^ nearly. 

25 4.5) 18.3 000 (.0 72, or 7.2^, nearly. 
17815 

4850 
5090 



(89) 16.5 miles = 12^^ of the entire length of the road 

We wish to find the entire length. 

16.5 miles is the percentage and 12-j^ is the rate, and the 

Si 

entire length will be the base. 
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Base = percentage -r- rate 
= 16.5h-.12|-. 

.125)16.500(132 miles. Ans. 
125 



400 
375 



250 
250 



(90) 298 revolutions per minute with the load = base. 
1-% =.rate, and the amount (to be found) will equal the 

speed of the engine when running unloaded. 
Amount = base X (1 + rate) 

= 298 X (1 + .015) = 302.47 rev. per min. Ans. 

298 . 
X 1.015 

1490 
298 
000 
298 



3 2.470 



(91) 4 yd. 2 ft. 10 in. to inches. 
X 3 

1 2 Since there are 3 feet in one 

+ 2 yard, in 4 yards there are 4x3 

1 4 feet i^Qt^ or 12 feet. 12 feet plus 

X 1 2 ^ f^^t = 14 feet. 

There are 12 inches in one 
foot; therefore, in 14 feet there 
are 12 X 14 or 168 inches 168 

16 8 inches plus 10 inches = 178 
+ 10 inches. Ans. 

17 8 inches. Ans. 



28 
14 
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(92) . 1 2 ) 3722 inches. 

3 ) 310 + 2 inches. 

10 3 + 1 foot. 
Ans. = 1 3 yd. 1 ft. 2 in. 

Explanation. — There are 12 inches in one foot ; hence, 
in 3,722 inches there are as many feet as 12 is contained 
times in 3,722, or 310 feet and 2 inches remaining. Write 
2 inches as a remainder. There are 3 feet in one yard; 
hence, in 310 yards there are as many feet as 3 is contained 
times in 310, or 103 yards and 1 foot remaining. Hence, in 
3,722 inches there are 103 yd. 1 ft. 2 in. 

(93) 5 weeks 3. 5 days. 

X J_ 

3 5 days in 5 weeks. 
+ 3.5 

3 8. 5 days. 
Then, we find how many seconds there are in 38. 5 daysi 

3 8.5 days. 
X 2 4 hours in one day. 
1540 
770 

9 2 4.0 hours in 38.5 days. 
X 6 minutes in one hour. 



5 5 4 4 minutes in 38. 5 days. 
X 6 seconds in one minute. 



3 3 2 6 4 seconds in 38. 5 days. Ans. 

(94) 172 8 )764325 cu. in. 

27 )442 +549CU. in. 

1 6 cu. yd. + 10 cu. ft. 

Ans. = 16 cu. yd. 10 cu. ft. 549 cu. in. 

Explanation. — There are 1,728 cubic inches in one cubic 
foot; hence, in 764,325 cu. in. there are as many cubic feet 
as 1,728 is contained times in 764,325, or 442 cubic feet, and 
549 cubic inches remaining. Write the 549 cubic inches as 
a remainder. There are 27 cubic feet in one cubic yard ; 
hence, in 442 cubic feet there are as many cubic yards as 27 



50 ARITHMETIC. 

IS contained times in 442 cubic feet, or 16. cubic yards and 
10 cubic feet remaining. Then, in 764,325 cubic inches 
there are 16 cu. yd. 10 cu. ft. 549 cu. in. Ans. 

(95) There are 31^ (31.5, since -- = .5) gallons in 1 bar- 

bbl. gal. qt. rel ; hence, in 4 .barrels there are 4 

4 10 3 times 31.5, or 126 gallons. 126 gal- 

X 3 1.5 Ions plus 10 gallons = 136 gallons. 

^26 There are 4 quarts in 1 gallon; 

, -j^Q hence, in 136 gallons there are 136 

times 4 = 544 quarts. 

13 6 gallons. ^^^ quarts plus 3 quarts = 547 

^ quarts. Since the tank under con- 

5 44 sideration contains 547 quarts, and 

-}- 3 since 4 quarts = 1 gallon, the tank 

4)5X7 quarts would contain as many gallons of 

Q water as 4 is contained times in 547, 

1 3 6-r gallons. 3 

Ans ^^ -^^^r g^^^^^^s- -^^^• 

(96) T. cwt. lb. Since in one ton there are 20 
16 8 7 5 cwt., in 16 tons there are 16 X 

X _20 20 = 320 cwt. 320 cwt. + 8 

3 2 cwt. = 328 cwt. There are 100 

+ 8 lb. in 1 cwt. ; hence, in 328 cwt. 

sYs cwt. there are 328 X 100 = 32,800 

X 100 lb. 32,800 lb. +75 lb. = 

32800 32,875 lb. Ans. 

+ 75 

3 2 8 7 5 lb. 

(97) 10 )25396 lb. 

2 )253 cwt. + 96 lb. 
12 T.+ 13cwt. 

There are 100 lb. in 1 cwt. ; hence, in 25,396 lb. there are 
as many cwt. as 100 is contained times in 25,396, or 253 cwt. 
and 96 lb. remaining. 

There are 20 cwt. in 1 ton, and in 253 cwt. there are as 
many tons as 20 is contained times in 253, or 12 tons and 
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13 cwt. remaining. Hence, 25,396 lb. = 12 T. 13 cwt. 
96 lb. Ans. 

(98) There are 2 pt. in 1 qt. ; hence, in 25,396 pt. there 

are 12,698 qt. There are 

2 ) 2 5 3 9 6 pt. 4 qt. in one gal. ; hence, in 

4 ) 1 2 6 9 8 qt. 12,698 qt. there are as many 

3 1.5 ) 3174 gal. + 2 qt. gal. as 4 is contained times 

Too bbl. + 24 gal. ^^ 1^^^^^' ^^ 3'!^^ ^^1- w^^^ 

2 qt. remaining. 

Since 31-, or 31.5 gal. make 1 bbl., in 3,174 gal. there 
2 

would be as many bbl. as 31.5 is contained times in 3,174, or 

100 bbl. and 24 gal. remaining. 

31.5 ) 3174.0 gal. ( 100 bbl. 

315 

2 4.0 

Hence, 25,396 pt. = 100 bbl. 24 gal. 2 qt. Ans. 

(99) Arrange the different terms in columns, taking 

care to have like denominations in 
the same column. We begin to 
add at the right-hand column. 7 + 
9 + 3 = 19 in. ; since 12 in. = 1 ft, 
19 in. = 1 ft. and 7 in. Place the 
8 7 Ans. 7 in. in the inches column, and 

reserve the 1 ft. to add to the sum 
of the feet. 2 + 1 + 2 + 1 (reserved) = 6 ft. Since 3 ft. = 
1 yd. , 6 f t. = 2 yd. and ft. remaining. Place the in the 
feet column and reserve the 2 yd. to add to the sum of the 
yards. 4 + 2+2 (reserved) = 8 yd., which we place in 
yards column. Ans. = 8 yd. 7 in. 

(100) Since ** pints** is the lowest denomination, we 

will find their sum first. 5 + 1 + 
1 = 7 pt. Since there are 2 pt. in 
1 qt., in 7 pt. there are as many 
quarts as 2 is contained in 7, or 
3 qt. and 1 pt. remaining. Place 

16 2 1 Ans. 1 pt. under pints column and add 



yd. 


ft. 


in. 


2 


2 


3 


4 


1 


9 




2 


7 



gal. 


qt. 


pt 


3 


3 


1 


6 





1 


4 


8 


5 



yd. 


ft. 


in. 


52 


2 


9 


38 


1 
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8 qt. to the sum of the quarts. 8 + 3 + 3 (reserved) = 14 qt. 
Since there are 4 qt. in 1 gal., in 14 qt. there are as many 
gallons as 4 is contained in 14, or 3 gal., and 2 qt. remaining. 
Place 2 qt. under quarts column and reserve the 3 gal. to 
add to the sum of the gallons. 4+6 + 3 + 3 (reserved) = 
16 gal. Hence, the answer is 16 gal. 2 qt. 1 pt. 

(101) We will first reduce 115 ft. to yards. Since 3 ft.= 

1 yd., 115 ft. = 38 yd. and 1 ft. 
Place the subtrahend under the 
minuend, so that like denomina- 
tions are under each other. Since 
14 1 9 Ans. the inch is the lowest denomina- 
tion, we subtract the inches first. 

in. subtracted from 9 in. = 9 in., which we write in inches 
place in the remainder. 1 ft. subtracted from 2 f t. = 1 ft., 
which we write in the remainder. 38 yd. subtracted from 
52 yd. = 14 yd., which we write in yards place in the remain- 
der. Hence, the remainder, or answer = 14 yd. 1 ft. 9 in. 

(102) Since 10 gal. 2 qt. 1 pt. of machine oil is sold 

at one time, and 16 gal. 3 qt. at 

&^ qt. pt. another time, together there was 

1^ ^ 1 sold 27 gal. 1 qt. 1 pt. + 1 = 1 pt. 

1^ ^ ^ We can not reduce 1 pt. to any 

27 1 1 higher denomination, so place it 

under pints column. 3 qt. + 2 

qt. = 5 qt. Since 4 qt. = 1 gal., 5 qt. = 1 gal., and 1 qt. 

remaining. Place 1 qt. under quarts column and reserve 

the 1, gal. to add to the gallons. 16 gal. + 10 gal. + 1 gal. 

(reserved) = 27 gal. Since the 

barrel contained 31^, or 31.5 gal., 

and 27 gal. 1 qt. 1 pt. were sold, 

there remained the difference, or 

4 gal. 1 pt. 31.5 gal. = 31 gal. 2 
4 1 Ans. ^ ^ 

qt., since .5 = -, and — of 1 gal. = 
— of 4 qt. =2 qt. 1 pt. can not be taken from pt., so we take 

Ai 

1 qt. from the 2 qt. The 1 qt. taken = 2 pt. 1 pt. from 2 



gal. 


qt. 


pt. 


31 


2 





27 


1 


1 
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pt. = 1 pt. Place 1 pt. under pints column. Since we took 
1 qt. from the quarts column, there remains 2 — 1, or 1 qt. 
1 qt. from 1 qt. leaves qt. Place qt. under the quarts 
column. 27 gal. from 31 gal. leaves 4 gal. Place 4 gal. 
under the gallons column. We, therefore, find that 4 gal. 
1 pt. of machine oil remained in the barrel. 

(103) In multiplication of denominate numbers, we 
place the multiplier under the lowest denomination of the 
multiplicand, as 

17ft. Sin. 
51 



8 7 9 ft. 9 in. 



and begin at the right to multiply. 51 X 3 = 153 in. Since 
there are 12 in. in 1 ft., in 153 in. there are as many feet as 
12 is contained times in 153, or 12 ft. and 9 in. remaining. 
Place the 9 in. under the inches and reserve the 12 ft. 51 X 17 
ft. = 867 ft. ; 867 ft. + 12 ft. (reserved) = 879 ft. 879 ft. can 
be reduced to higher denominations by dividing by 3 ft. to 

find the number of yards, and by 5^ to find the number of 

At 

rods. 

3 )879 ft. 9 in. 

5.5 )29 3 yd. 

5 3 rd. 1^ yd. 

Then, Ans. = 53 rd. 1^ yd. ft. 9 in., or 53 rd. 1 yd. 2 ft. 
3 in. 

(104) Since 2 pt. = 1 qt., 3 qt. = 3 X 2, or 6 pt. 6 pt. 
+ 1 pt. = 7 pt. 4.7 X 7 = 32.9 pt. Ans. 

qt. pt. 7 pt. 

3 1 4.7 

X__2 

+J. 

7pt. 



49 

28 



3 2.9 pt. 
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(105) We must first reduce 23 miles to feet before we 
can divide by 30 feet. 

1 mi. = 320 rd. 
23 mi. = 23 X 320 = 7,360 rd. 

1 rd. = lei or ^ ft. 

8680 qq 

7,360 rd. = X^^JJ X ^ = 121,440 ft. 

121,440 ft. -7- 30 = 4,048 rails for one side of the track. 
The number of rails for 2 sides of the track = 2 X 4,048, 
or 8,096 rails. Ans. 

(106) If there are four lengths, each 15 ft. 5 in., 15 ft. 
6 in. X 4 = 60 ft. 20 in., or the length of the four pieces. 

6 To ''''■ f- 

14 8 1 

8 10 6 ft. 2 in. 



8 2 3 8, or 85 ft. 2 in. = the length of the shaft. 

Since there are six hangers, there are ^ve spaces. We 

will now find the distance between the hangers, or the length 

of one space. This we find by dividing the total length 

by 5. 

5 ) 8 5 ft. 2 in. 

1 7 f t. -f in. Ans. 
Hence, 17 ft. -f in. is the distance between the hangers. 

(107) Since the distance around a wheel is -^ times the 

distance across it, the distance around the wheel will equal 

1 22 

(9 ft. 6- in.) X -jy-. We will reduce 9 ft. to inches before 

multiplying by the fraction. 9 ft. X 12 = 108 in. 108 in. + 

6- in. = 114- in. 
2 2 

1 229 

Reducing 114^ to an improper fraction, we have -^r-. 

Z At 
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11 
•, ,,. , . 229 ,, %% 2,519 „-q6 . 
Multiplying, -2" ^ T = "^ " ^^7 *°' 

229 
X 11 

229 
229 



2519 



Dividing 3694 ^^- ^7 ^^ ^^ reduce to feet, we have 29 ft» 



11^ in. 



12)3594 in. (29 ft. 
24 

119 
108 



1 1 4 in. 

(108) Reducing 18 ft. 11 j- in. to inches, we have 227-2 
in., or 227.25 in. 



ft. in. 

18 Hi 
12 



36 
18 

216 
_lli 

2 2 7iin. 

1^ X 2, or 27- in., for the two end rivets is deducted from 
8 4 

the length, leaving 225 in., which is divided into equal 

spaces by the rivets. 

2 2 7.2 5 in. 
— 2.2 5 in. 

225 ^in. 
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The pitch of the rivets (or the distance between their 
1.25)22 5.00(180 centers) is 1- in., or 1.25 in. ; hence, 

1^5 225 -T- 1.25^= 180 spaces between the 
100 rivets. But, since there will be 1 
100 more rivet than the number of 
^ spaces, the number of rivets required 

for this boiler shell will be 180 + 1 = 

181. Ans. 

(109) (a) To find the second power of a number, we 
must multiply the number by itself once; that is, use the 
number twice as a factor. Thus, the second power of 108 is 
108 X 108=11,604. Ans. 

108 

108 



864 
108 



116 64 Ans. 

181.25 (*) '^^e ^^^^^ power of 181. 25 

1 8 1.2 5 equals the number obtained by 

using 181.25 as a factor three 
times. Thus, the third power 
of 181.25 is 181.25 X 181.25 X 
181.25 = 5,954,345.703125. Ans. 

Since there are 2 decimal 
places in the multiplier and 2 in 
8 2 8 51.5025 ^^e multiplicand, there are 2 + 

^ ^^'^^ 2 = 4 decimal places in the first 

104 2 578125 product. 

057031250 gjj^^g ^jjg^g ^rg 4 decimal 

places in the multiplicand, and 
2 in the multiplier, there are 4 + 
2 = 6 decimal places in the final 



9 2 5 
3 2 5 
1812 6 
145000 
18125 



32851 50 25 
2028125000 
3 2 8515025 



595434 5.70312 5 Ans. product. 
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2 7.61 (c) The fourth power of 27.61 

2 7. 6 1 is the number obtained by using 

27 61 27.61 as a factor four times. 

16 5 6 6 Thus, the fourth power of 27. 61 

193 27 IS 27.01 X 27.61 X 27.61 X 

552 2 27.61 = 581,119.73780041. Ans. 

7 6 2.3121 Since there are 2 decimal 

2 7.61 places in the multiplier, and 2 in 

7 6 2 3121 the multiplicand, there are 2 + 

4 5738726 2 = 4 decimal places in the first 

53 36 18 47 product. 

15246 242 Since there are 4 decimal 

210 47.43 70 81 places in the multiplicand, and 

27.61 2 in the multiplier, there are 4 + 

21047 43 7081 2 = 6 decimal places in the 

126284622486 second product. 

147332059567 Since there are 6 decimal 

420948 7416 2 places in the multiplicand, and 

58111 9. 73780641 2 in the multiplier, there are 6 + 

Ans. 2 = 8 decimal places in the final 
product. 
(1 lO) {a) 106' = 106 X 106 = 11,236. Ans. 

106 
106 
636 
106 



112 3 6 Ans. 



(6) (l82g-^ = 182^ X 182| = 33,169.515625. Ans. 

1 ^x.^^^,^«^ 18 2.125 

-=8)1.000(.125 ^3^^^^ 



20 
16 



40 
40 



910 625 
3 6 4 2 5 
18212 5 
364250 
1457000 



Since there are 3 decimal places 182125 

in the multiplier and 3 in the mul- 3316 9. 515625 Ans. 
tiplicand, there are 3 + 3 = 6 decimal places in the product. 
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(c) .005* = .005 X .005 X .005 = .000000126. Ans. 

Since there are 3 decimal places 
.00 5 ^^ the multiplicand and 3 in the 

.00 5 multiplier, there are 3 + 3 = 6 

decimal places in the first product; 
but, as there are only 2 figures in 
the product, we prefix four ciphers 



.000000 125 Ans. to make the necessary 6 decimal 

places. 

Since there are 6 decimal places in the multiplicand and 3 
in the multiplier, there are 6 + 3 = 9 decimal places in the 
final product. In this case we prefix six ciphers to form 
the necessary 9 decimal places. 

(d) .4044* =.4044 X .4044 X .4044 =.066135317184. Ans. 

.4044 
.4044 



16176 
16176 
16176 

.16353936 
.4044 

65415744 
65415744 
65415744 

.0 66135317184 Ans. 

Since there are 4 decimal places in the multiplicand and 
4 in the multiplier, there are 4 + 4 = 8 decimal places in the 
first product. 

Since there are 8 decimal places in the second multiplicand 
and 4 in the multiplier, there are 8 + 4 = 12 decimal places 
in the final product; but, as there are only 11 figures in 
the product, we prefix 1 cipher to make the necessary 12 
decimal places. 
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(e) .0138' =.0133 X.0133 X.0133 =.000002352637. Ans. 

Q133 Since there are 4 decimal 

.0133 places in the multiplicand 

3^9 and 4 in the multiplier, we 

3 9 9 should point off 4 + 4 = 8 

13 3 decimal places in the product ; 

,00017689 l^ut, as there are only 5 

.0133 figures in the product, we 

5306 7 prefix three ciphers to form 

530 67 t^^ eight necessary decimal 

17 6 8 9 places in the first product. 



.000002352637 Ans. Since there are 8 decimal 
places in the multiplicand and 4 in the multiplier, we should 
point off 8 + 4 = 12 decimal places in the product ; but, as 
there are only 7 figures in the product, we prefix 5 ciphers 
to make the 12 necessary decimal places in the final product. 

(/) 301.011' = 301.011 X 301.011 X 301.011 = 

27,273,890.942264331. Ans. 

301.011 
301.011 
301011 
301011 
301011 

903033 

90607.622121 
301.011 
90607622121 
90607622121 
90607622121 

271822866363 

27273890.942264331 Ans. 

Since there are 3 decimal places in the multiplicand and 3 
in the multiplier, we should point off 3 + 3 = 6 decimal 
places in the first product. 

Since there are 6 decimal places in the multiplicand and 3 
in the multiplier, we should point off 6 + 3 = 9 decimal 
places in the final product. 
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^^' V8/~8 8^8 8x8x8-512- ^^^• 



8 
X 8 

64 
X 8 



512 



{A) To find any power of a mixed number, first reduce it 
to an improper fraction, and then multiply the numerators 
together for the numerator of the answer and multiply the 
denominators together for the denominator of the answer. 

(JX _ 15 ^ 15 ^ 16 _ 15 X 15 X 15 _ 3,375 _ 

Ans. 

3 _ (3 X 4) + 3 _ 12 + 3 __ 15 

4 "" 4 "" 4 ■" 4" 

15 64) 337 5.0 00000(5 2.73 43 76 
15 320 



75 175 

15 128 



225 470 

15 448 



1125 220 

225 192 



3375 280 

256 



240 
192 



480 

448 



320 
320 



Since six ciphers were annexed to the dividend, six deci- 
mal places must be pointed off in the quotient. 
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(112) 


2' = 2X2X2X2X2= 32. Ans. 




2 




2 

4 




2 
8 




2 




16 




2 




32 Ans. 


(113) 


3* = 8 X 3 X 3 X 3 = 81. Ans. 




3 




3 

9 




3 




27 




3 




8 1 Ans. 


(114J 


7* = 7X7X7 X 7X7X7X7X7X7- 




40,363,607. Ans, 

7 




7 




49 




7 




343 




7 




2401 




7 




16807 




7 




117649 




7 




823543 




7 




5764801 




7 



4035 3 607 Ans. 
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ll 15) {a) l.X- = 1.^ X 1.2 X 1.2 X 1.2 = 2.0736. Ans. 

Since there is 1 decimal place 

^•* in the multiplicand and 1 in the 

^•* multiplier, we should point off 

2 4 1 + 1 = 2 decimal places in the 

1 2 first product. 

1,4 4 Since there are 2 decimal 

1.2 places in the second multipli- 

cand and 1 in the multiplier, 

^ . . we should point off 2 -[- I = 

14 4 

3 decimal places in the second 

1.7 2 8 product. 

1 2 
Since there are 3 decimal 

3 4 5 G places in the multiplicand and 
17 2 8 1 in the multiplier, we should 

Q n ti Q r point off 3 + 1 = 4 decimal 

places m the final product. 

(*) 11* = 11 X 11 X 11 X 11 X 11 = 161,051. Ans. 

11 

IJ. 

11 
11 
121 

11 
121 
121 



1331 

11 

1331 
1331 
14641 

n. 

14641 
14641 
161051 

{c) 1*=1X1X1X1X1X1 = L Ans. 



.01 


.01 


.0001 


.01 


.000001 


.01 


.00000001 
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(d) .01* = .01 X .01 X .01 X .01 = .00000001. Ans. 

Since there are 2 decimal 
places in the multiplicand and 
2 in the multiplier, we should 
point off 2 -{- 2 = 4: decimal 
places in the first product ; but, 
as there is only 1 figure in the 
product, we prefix 3 ciphers to 
make the necessary 4 decimal 
places. 

Since there are 4 decimal places in the second multipli- 
cand and 2 in the multiplier, we should point off 4 + 2 = 
6 decimal places in the second product. It is necessary to 
prefix 5 ciphers to make six decimal places. 

Since there are 6 decimal places in the third multiplicand 
and 2 in the multiplier, we should point off 6 + 2 = 8 deci- 
mal places in the product. It is necessary to prefix 7 ciphers 
to make 8 decimal places in the final product. 

{e) .V = .1 X .1 X .1 X .1 X .1 = .00001. Ans. 

.1 Since there is 1 decimal place 

.1 in the multiplicand and 1 in the 

.01 multiplier, we should point off 

.1 1 + 1 = 2 decimal places in the 

.0 01 first product. It is necessary 

.1 to prefix 1 cipher to the product. 

.00 01 Since there are 2 decimal 

.1 places in the second multipli- 

.00001 cand and 1 in the multiplier, we 

should point off 2 + 1 = 3 decimal places in the second prod- 
uct. It is necessary to prefix 2 ciphers to the second product. 
Since there are 3 decimal places in the third multiplicand and 
1 in the multiplier, we should point off 3 + 1 =4 decimal places 
in the third product. We prefix three ciphers to this product. 
Since there are 4 decimal places in the fourth multipli- 
cand and 1 in the multiplier, we should point off 4 + 1 or 
5 decimal places in the final product. It is necessary to 
prefix 4 ciphers to this product. 
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(116) Evolution is the reverse of involution. In involu- 
tion we find the power of a number by multiplying the num- 
ber by itself one or more times, while in evolution we find 
the number or root which was multiplied by itself one or 
more times to make the power. 



(117) 


(^) 




{a) 1 
1 

(d) 2 
8 


i^3'4 8'6 7'8 4.4 01 = 1 8 6 7.2 9 + Ans. 
[b) 1 

{c) 248 
224 


28 
8 


(e) 2467 
2196 



360 27184 

6 26089 



366 109540 

6 74684 



3720 3485610 

7 3361041 



3727 124569 

7 



37340 
2 



Explanation. — (1) Divide the power 
into periods. In the above case, where the 
power consists of a whole number and a 
3 7 3 4 2 decimal, we begin at the decimal point and 
^ proceed to the left in pointing off the 
3 7 3 4 40 whole number, and towards the right in 
9 pointing off the decimal^ annexing a 
to complete the last decimal period. In 
square root two figures constitute a period. 
Find the greatest single number whose square is less 
than or equal to 3, the first period. This is evidently 1, since 
2' = 4, which is greater than 3. Write 1 as the first figure 
of the root; also, write it to the left, as shown at (a). Now, 
multiply the 1 at (a) by the 1 in the root, and write the 
result under the first period, or 3, as shown at (^). Sub- 



373449 
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tract, and bring down the next period 48, and annex it to 
the remainder 2, thus making 248 the dividend^ as shown at 
(c). Add the root already found to the 1 at («), thereby 
obtaining 2, and annex a cipher to this 2, thus making it 
20, which we call the trial divisor. 

Divide the dividend 248 at (c) by the trial divisor 20 at 
{d) and obtain 8, which is probably the next figure of the 
root. Write 8 in the root, as shown, and also add it to 20, 
the trial divisor, making it 28. This is called the complete 
divisor, 

(2) Multiply the complete divisor 28 by 8, the second 
figure of the root, and subtract the result from the dividend 
(c). The remainder is 24, to which annex the next period 
making 2,467, as shown at (^), which call the new dividend. 

Add the second figure of the root, or 8, to the divisor 28, 
and annex a cipher, thus obtaining 360. Dividing 2,467 by 
360, we find 6 to be the next figure of the root. Adding 
this last figure of the root, or 6, to 360, we get 366, which, 
multiplied by this last figure of the root, or 6, gives 2,196, 
which we write under 2,467 and subtract. 

(3) Annexing the next period 84 to the remainder 271 
gives 27,184 as tlie next new dividend. Now, adding the 
third figure of the root to 366, and annexing a cipher, as 
before, we have 3,720. Dividing 27,184 by 3,720, the result 
is 7, which write as the next figure of the root. Adding the 
fourth figure of the root, or 7, to 3,720, we get 3,727, which, 
multiplied by 7 of the root, gives 26,089, which write under 
27,184 and subtract, obtaining 1,095 as a remainder. 

(4) Annexing the next period, or 40, to the remainder 
1,095 gives 109,540 as the next new dividend. Adding the 
last figure of the root to 3,727, and annexing a cipher, as 
before, the result is 37,340. Dividing 109,540 by 37,340, 
the result is 2, which write as the next figure of the root. 
Adding the fifth figure of the root, or 2, to 37,340, we 
obtain 37,342, which, multiplied by 2 of the root, gives 
74,684, which write under 109,540 and subtract, obtaining 
34,856 as a remainder. 

(5) Annexing the next period, or 10, to the remainder 
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34,856 gives 3,485,610 as the next new dividend. Now, add- 
ing the last figure of the root to 37,342, and annexing a 
cipher, as before, the result is 373,440. Dividing 3,485,610 
by 373,440 gives 9 as a result, which write as the next, or 
last figure, of the root. Adding the last figure of the 
root, or 9, to 373,440, we get 373,449, which, multiplied by 
9 of the root, gives 3,361,041, which write under 3,485,610 
and subtract. Since there is a remainder, we know the 
given power is not a perfect square, so we place + after the 
root. 

In this problem there are six periods — four in the whole 
number and two in the decimal — Whence, there will be six 
figures in the root (since we obtain one figure of the root for 
each period), four figures constituting the whole number and 
two figures the decimal of the root. Hence, 

1^3,486,784.4010 = 1,867.29 +. 

(b) {a) 3 i/9'0 0'00'9 9.40'0 9'0 = 3000.016+ Ans. 

3 (*) 9 

(d) 60 (c) 0000994009 
600001 



600 39400800 
36000156 



6000 3400644 




600000 
1 



60000 

Explanation. — Beginning at the 

decimal point, we point off the whole 
number into periods of two figures 
each, proceeding from right to left ; 
6 00001 also, point off the decimals into 

1 periods of two figures each, proceed- 

6 2 i^g from left to right. The largest 
6 number whose square is contained 

6000026 ^^ ^^^ ^^^^ period, 9, is 3 ; hence, 3 

is the first figure of the root. Place 
3 at the left, as shown at («), and multiply it by the first 
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figure in the root, or 3. The result is 9. Write 9 under the 
first period, 9, as at (^), subtract, and there is no remainder. 
Bring down the next period, which is 00, as shown at {c). 
Add the root already found to the 3 at (^), obtaining 6, and 
annex a cipher to this 6, thus making it 60, which is the trial 
divisor^ as shown at (d). Divide the dividend (^) by the 
trial divisor and obtain as the next figure in the root. 
Write in the root as shown, and also add it to the trial 
divisor 60, and annex a cipher, thereby making the next trial 
divisor 600. Bring down the next period, 00, annex it to the 
dividend already obtained and divide it by the trial divisor. 
600 is contained in 0000, times, so we place another cipher 
in the root. Write in the root, as shown, and also add it 
to the trial divisor 600, and annex a cipher, thereby making 
the next trial divisor 6,000. Bring down the next period, 
99. The trial divisor 6,000 is contained in 000099, times, 
so we place as the next figure in the root, as shown, and 
also add it to the trial divisor 6,000, and annex a cipher, 
thereby making the next trial divisor 60,000. Bring down 
the next period, 40, and annex it to the dividend already 
obtained to form the new dividend, 00009940, and divide it 
by the trial divisor 60,000. 60,000 is contained in 00009940, 
times, so we place another cipher in the root, as shown, and 
also add it to the trial divisor 60,000, and annex one cipher, 
thereby making the next trial divisor 600,000. Bring down 
the next period, 09, and annex it to the dividend already ob- 
tained to form the new dividend, 0000994009, and divide it by 
the trial divisor 600,000. 600,000 is contained in 0000994009 
once, so we place 1 as the next figure in the root, and also add 
it to the trial divisor 600,000, thereby making the complete 
divisor 600,001. Multiply the complete divisor 000,001 by 1, 
the sixth figure in the root, and subtract the result obtained 
from the dividend. The remainder is 394,008, to which we 
annex the next period, 00, to form the next new dividend, 
or 39,400,800. Add the sixth figure of the root, or 1, to the 
divisor 600,001, and annex a cipher, thus obtaining 6,000,020 
as the next trial divisor. Dividing 39,400,800 by 6,000,020, 
we find 6 to be the next figure of the root. Adding this last 
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figure, 6, to the trial divisor, we obtain 6,000,026 for our next 
complete divisor, which, multiplied by the last figure of the 
root, or 6, gives 36,000,156, which write under 39,400,800 and 
subtract. Since there is a remainder, it is clearly evident 
that the given power is not a perfect square, so we place 
+ after the root. 

In this problem, there are seven periods — four in the whole 
number and three in the decimal ; hence, there will be seven 
figures in the root, four figures constituting the whole 
number and three figures the decimal of the root. Hence, 

-/9, 000, 099. 4009 = 3, 000. 016 +. Ans. 

^^) ^ 4/.0 0l2'2 5 = .0 3 5. Ans. 

^ 00 



60 1^ 

5 9 



^^ 325 

325 



Pointing of periods, we find that the first period is com- 
posed of ciphers ; hence, the first figure of the root will be a 
cipher. No further explanation is necessary, since this 
problem is solved in a manner exactly similar to the problem 
given in Art. 255. Since there are three decimal periods 
in the power, there will be three decimal figures in the root. 

{d) 1 4/l'0 7'9 5.2 1 = 103.9 Ans. 

1 1 



20 0795 

609 



200 18621 

3 18621 



203 
3 

2060 
9 

206 9 
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(') 


2 




2 




40 




7 




47 




7 




5400 




2 




5402 


(/) 


/9 — 3. Ans, 


U) 


9 




9 



i^7'3 0'0 8.0 5=:2 7 0.2+ Ans. 

4 

330 
329 



10805 
10804 



4/.90'00'00 = .948+ Ans. 
81 



180 -9^ 

i 736 

184 16400 

i_ 1510 4 

1880 -Y296 
8 

18 88 In Art. 258, we see that 

every period of a decimal must consist of two figures when 
extracting the square root. We must, therefore, annex one 
cipher to .9 to form the first period. 

(118) {a) 

(1) (2) i?^.327'680'000 = .689+ Ans. 

6 36 ' 216 

_6 72 111680 

12 10800 98432 

_6_ 1504 13248000 

180 12304 12650769 

8 ' 1568 597231 



188 1387200 

8 18441 

196 1405641 

8_ 

2040 

9 

2049 
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ExFLAXATiox. — (I) Wlicii cxtiactin^ the emit root, we 
divide the power into periods of three ^^nreseach. Always 
begin at the decimal point and proceed to the /^// in point- 
ing off the whole number, and to the ri^Jk/ in pointing off 
the decimaL In this power, f.^^TSd, a cipher must be an- 
nexed to ^ to complete the decimal period. Cipher periods 
may now be annexed until the root has as many figures as 
desired. 

(2) We find by trial that the largest number whose cube 
is contained in the first period 327 is 6. Write 6 as the first 
fig^ure of the root, also at the extreme left at the head of 
column (1). Multiply the 6 in column (I) by the first figure 
of the root 6, and write the product 36 at the head of colunm 
(2). Multiply the number in column (2) by the first figure 
of the root 6, and write the product 216 under the figures in 
the first period. Subtract and bring down the next period 
680, annexing it to the remainder 111, thereby obtaining 
111,680 for a new dividend. Add the first figure of the root 
6 to the number in column (1), obtaining 12, which, we call 
\\i^ first correction ; multiply the first correction 12 by the 
first figure of the root and we obtain 72 as the product, 
which, added to 36 of column (2), gives 108. Add the first 
figure of the root to the first correction, and we obtain 18 as 
the second correction. To this annex one cipher, and annex- 
ing two ciphers to 108, we have 10,800 for the trial divisor. 
Dividing the dividend by the trial divisor, we see that 
it is contained about 8 times, so we write 8 as the second 
figure of the root. Adding the second figure of the root 
to 180, we obtain 188. This, multiplied by the second 
figure of the root 8, equals 1,504, which, added to the 
trial divisor 10,800, forms the complete divisor^ 12,304. 
Multiplying the complete divisor 12,304 by 8, the 
second figure of the root, gives 98,432. Write 98,432 
under the dividend 111,680; subtract, and there is a re- 
mainder of 13,248. To this remainder annex the next 
period, 000, thereby obtaining 13,248,000 for the next new 
dividend. 
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(3) Adding the second figure of the root 8 to the number 
in column (1), 188, we have 196 for th^ first new correction. 
This, multiplied by the second figure of the root 8, gives 
1,568. Adding this product to the last complete divisor 
gives 13,872. Adding the second figure of the root, 8, to 
the first new correction, 196, we obtain 204 for the second 
new correction. Annexing one cipher to 204 and two ciphers 
to 13,872, we obtain 1,387,200 for the new trial divisor. 
Dividing the dividend by the trial divisor 1,387,200, we see 
that it is contained about 9 times. Write 9 as the third 
figure of the root. Add the third figure of the root, 9, to 
the last number in column (1), 2,040, thereby obtaining 
2,049. This, multiplied by 9, the third figure of the root, 
equals 18,441, which, added to the trial divisor 1,387,200, 
forms the complete divisor 1,405,^41. Multiplying the com- 
plete divisor by the third figure of the root 9, and subtract- 
ing, we have a remainder of 597,231. The answer, then, is 
.689+- There are as many decimal places in the root as 
there are decimal periods in the power, or three decimal 
places, in this case. 



(*) 



(1) (2) 

4 16 

4 32 



8 4800 

4 244 



120 5044 
2 



122 



^"t 4'0 8 8 = 4 2 Ans. 
64 



10088 
10088 
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(0 46.2115+ Ans. 

(^ [^} -^9 2'416.000'0 00'00 0'00 = 

64 



4 16 

4 32 



8 4800 

4 625 



28416 
27125 



120 5425 

5 650 



1291000 
1220408 



125 607500 

5 2704 



70592000 
61 304761 



130 610204 

5 2708 



1350 6129120G^ 
2 13561 



1352 61304761 
2 13562 



9287239000 
6131967 9 31 

3155271069000 
3066085689875 

89185379125 



1354 6131832300 
2 135631 



13560 6131967931 
1 135632 



13561 613210356300 
1 6781675 



13562 613217137975 
1 



135630 
1 

r3 5 6 3 1 

1 



Since /our cipher periods were annexed, 
13 5 6 3 2 we must point off four decimal figures in 
1 the root. 



1356330 
5 

1356335 
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(^)_ _ ^.373'248 = .72 Ans. 

343 



(1) (2) 

7 49 

7 98 



14 14700 
7 424 



3 2 48 
30248 



210 15124 
2 

212 



W ^1'7 5 8.4 167 43 = 12.07 Ana. 

(1) (2) 1 



1 1 
1 2 



2 300 
1 64 



758 
728 



30 364 
2 68 



30416743 
30416743 



32 4320000 
2 25249 



34 4345249 
2 

3600 

7 



3607 

(/) ^I'l 9 I'0 1 6 = 106 Ans. 

(1) (2) 1 



1 1 
1 2 



3 91016 
191016 



2 30000 

1 1836 

300 318 3 6 
6 

?06 
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(g-) In Arts. 279 and 280, we find that when the given 
number is in the form of a fraction, and it is required to 
find some root of it, the simplest method is to reduce the 
fraction to its equivalent decimal and then extract the 
required root of the decimal. 

Thus, r^ = ? ^ = .125, smce 32) 4.000 (.125 

32 



80 
64 

lio 

160 



(1) (2) fCr25 = .5. 

6 25 125 



Hence, y — r r- „5. Ans. 
{A) (See Art. 279.) 



/K= 



27 
^Kn — ^ K^ = .10546875, since 
5do6 256 

256) 2 7.00000000 (.10546876 
256 



1400 
1280 



1200 
1024 



1760 
1536 

2240 
2048 



1920 
1792 



1280 
1280 
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(1) (2) |/.105'468'750 = .472+ Ans. 

4 16 64 

± 1? 41468 

8 4800 39823 

4 889 



1645750 



120 5689 1331048 

1 ^^^ 314702 

127 6 62 700 

7 2824 

134 665524 

7_ 

1410 
2 

1412 

(119) 

(1) (^) 4/2.000'0 0'0 00'0 0=:1.2 5 9 9+ 

11 1 Ans. 

1 2 



1000 

2 300 728 

1 64 



272000 



30 364 225125 

2 68 



46875000 



32 43200 42491979 

2 1825 



4383021000 



34 45025 4282771599 

_2_ 1^^^ 100249401 

360 4687500 

5 3 3 8 31 1^ t^is problem it was necessary 

3 6 5 4721331 to annex /our cipher periods^ in 

5 3 3 912 order to carry the decimal of the 

3 7 475 524300 ^^^^ ^^ ^^ required number of 

5 Q /I A A 1 1 decimal places, or four. 
37^ ^^^^^^ 
9 475864311 

3759 
9 

3768 
9_ 

37770 
9 

37779 
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(J20) 

(1) (2) t^3.0 00'00 0'0 = 1.442+ An& 

11 1 

1 2 



2000 

2 300 1744 

1_ H^ 256000 

30 436 241984 

__f ^^^ 14016000 

34 58800 12458888 

4 1696 1557112 



^^ ^1712 ^^ ^^^^ problem it was necessary 

to annex three cipher periods, iir 

420 6220800 order to carry the decimal of the 

4 8 6 4 4 root to the required number of deci- 

r2 4 6229444 "^al places, or three. 

4 

428 
4 



4320 
2 

4322 



(121) 

I i^l'2 3.21 = 11.1 Ans. 1 >/l'l 4.9 2'10 = 10.72 + 

II 11 Ans 



20 23 200 1492 

1 21 7 1449 



21 221 207 4310 

1 221 7 4284 



220 2140 26 
1 2 

221 2142 
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(0 (^) 

7 V^ 0'2 6'S 1 = 709 Ans. 2 V^.0 0'0 4'12'0 9 = .0203 

7 49 2 £0 Ans. 

140 12681 400 04 

12681 3 4 



1400 403 1209 

9^ 1209 

1409 

(122) {a) 4?'.006'500'000 = .186+ Ans. 

(1) m 1 



1 1 
1 2 



540 
6 



5500 
4832 



2 300 
1 304 



30 604 

8 368 



668000 
602856 

65144 



38 97200 
8 3276 



46 100476 
8 



(1) 


(2) 

i 

8 


^ 


021'000 = .27+ Ana 
8 


2 
2 


13000 
11683 




1200 
469 




4 
2 


1317 


60 

7 


1669 





67 
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(0 

(1) 


(2) 
4 

8 


f'8'03G'054'027 = 2003 Ans 
8 


2 
2 


036054027 
36054027 


4 
2 


12000000 
18009 




6000 
3 


12018009 

(2) 
1 

2 

300 
216 

516 

(2) 
4 

8 




6003 




(a) 

(1) 


(^.000'004'096 = .01G Ans. 
000 


1 

1 


004 
1 


2 

1 

30 
6 

36 


3096 
3096 


(1) 
2 


i717.000'000 = 2.57+ Ana 
8 


9000 


2 
4 


1200 
325 


7625 


1375000 


2 
60 


1525 
350 


1349593 
25407 


5 

65 


187500 
5299 




5 

70 
5 

750 

7 


192799 


* 



767 
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(123)WiA5J <M!?. 
^ / w r 54.^,, y'5,476 


3 
3 




4/1 2'2 5-35 
9 




60 
5 


325 
325 




66 




7 -/54'7 6 = 74 
7 49 





140 . 576 

4 576 

144 



„ i/]T225 35 . 

Hence, f gj^^ = -. Ans. 

5 4/.3 3'6 4 = .5 8 3 /.lO'OO'OO'OO'OO = .3 1 622 + 

5 2 5 Ans. 3 9 Ans. 



100 864 60 100 
8 864 1 61 



108 61 3900 

1 3756 



620 14400 
6 12644 



626 175600 
6 126484 



6320 49116 
2 



6322 
2 

63240 
2 

63242 
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{c) f8'036'054'027 = 2003 Ans 

(1) (2) 8 



2 4 

2 8 



6003 



750 

7 

757 



4 12000000 

2 18009 



6000 12018009 

3 



{a) 

(1) 
1 


(2) 
1 


1 


2 


i" 


300 


1 


216 


30 


516 


6 




36 




(1) 


(2) 
4 

8 


2 


1200 


4 


325 


2 


1525 


60 


350 





187500 


65 


5299 


5 


192799 


70 




5 





036054027 
36054027 



f^.000'004'096 = .016 Ans. 
000 

004 
1 



3096 
309 6 



^17.000'000 = 2.57-f' Ans. 
8 



9000 
7625 



1375000 
1349593 

25407 
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U^J) W r 5,476- 4,^5476 • 3 vT2^5 = 35 



3 9 



60 325 

5 325 



65 



7 ^'547 6 = 74 

7 49 



140 . 576 

4 576 



144 



Hence, /li||| = ?|. Ans. 

5 4/.3 3'6 4=.5 8 3 /.lO'OO'OO'OO'OO = .3 1 622 + 

5 2 5 Ans. 3 9 Ans. 



100 864 60 100 
8 864 1 61 



108 61 3900 

1 3756 



620 14400 
6 12644 



626 175600 
6 126484 



6320 49116 
2 



6322 
2 

63240 
2 

63242 
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2 X 
{c) — = — - is equivalent to 2 : 10::;r=100. 

10 ;r = 2 X 100 
10 ;r = 200 

X = -r-r- = 20. Ans. 



(^) — = — is equivalent to 15 : 45 :: 60 : ;r 

15;r = 45X 60 
15 ;r= 2,700 

;r = ^ = 180. Ans. 
Id 



10 X 
W Tk(\ = Rc^ci ^^ equivalent to 10 : 150::;r : 600. 



150 600 



150 ;r = 10 X 600 

150 ;r= 6,000 

6,000 .. . 
X = * ^ = 40. Ans. 
150 



(127) X : 5::27 : 12.5 (128) 45 : 60::;r : 24 

5 60;ir = 45X24 

12.5)135.0(loi. Ans. 60^=1,080 

1 '^ 5 x= ' - = 18. Ans. 
oO 

10Q__4 

i25~5' 

4 
Hence, ;ir = 10—. Ans. 

o 



(129) ;r:35::4:7 (130) 9:ar::6:24 

7;ir=35x4 6;r=9X24 

7;r = 140 6;r = 216 

X = -rp- = 20. Ans. X 2^ -^ = 36. Ans. 
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(131) -^1,000 : v^i;33r::27 :x i^T^OOO^lO 
10:ll::27:ar ^1,331 = 11 

10^=297 (1) (2) 

;r = ^ = 29.7. Ans. 1 1 1'331(11 

10 12 1 

2 300 331 

1 31 331 



30 331 

1 

il 

(132) 64 : 81:: 21' : x^. Extracting the square root of 
each term of any proportion does not change its value, so we 
find that 4/64 : 4/8! :: |/2]? : 4/? is the same as 

8 : 9::21 : x 
8;r=189 
;r= 23.625. Ans. 

(133) 7 + 8 : 7 :: 30 : ;ir is equivalent to 15 : 7 :: 30 : x. 

15;r=7 X 30 
15;r=210 

X = -— r- = 14. Ans. 
15 

(134) 3^ ft. =3.5 ft., since i = .5. 

3 3 

6-r ft. = 6.75 ft., since — =.75. 

4 4 

Consider the question **What do we wish to find?" In 

this case it is ** pounds." We know that a piece of shafting 

3.5 ft. long weighs 37.45 lb., and we wish to know the weight 

3 
of a piece of shafting 6j- ft. long. It is evident that the 

weight of a piece of shafting 6.75 ft. long bears the same 
relation to the weight of a piece 3.5 ft. long that 6.75 ft. 
bears to 3.6 ft. Letting x occupy any place in the propor* 



f OLjovis^. the Tahie of x being the same 



SM) 3L5f:.:<.:5fi.::i:.«IliL:jrIb^ 

cr -r = — = -— = 7^225 lb. Ans. 



(b) 6.:5fi.:3L5fc::jrIhL:3T.«IbL, 



or JT = ^-- = -=— = 72.225 lb. Ans. 



{c) JT lb. : 37.45 lb. ::«.T5 ft- :3.5 ft., 

^.75 X 37.45 252.7875 ^^^^w. A«e 
or -T = —^ = -^-z = 72.225 lb. Ans. 

{d) 37.45 lb. : X lb. : : 3.5 ft. : 6.75 ft., 

6- §5 X 3«.45 252. •S«5 -- e%r%r n^ a 

or .r = 7-:^ = -r— = 72.225 lb. Ans. 

3.d 3.0 

(135) In this problem we are.reqmred to find "de- 
grees. " In examples of this kind, it is better to write the 
statement down as a simple direct proportion, and then 
make what changes are necessary. Written as a direct pro- 
portion, we would have 6 : 12:: 24 : jr. But, since the heat 
decreases inversely^ the proportion is an inverse one. 
Hence, inverting one of the couplets, we have 12 : 6 :: 24 : ;r. 
The example also states that the effect of the heat upon the 
thermometer decreases inversely as the square of the dis- 
tance from the burning body. Consequently, the two dis- 
tances, 6 ft. and 12 ft., in the above proportion must be 
squared, and we have 12' : 6' :: 24 : x. 12* = 144 and 6* = 36. 
Therefore, 144 : 36 :: 24 : x, 

36 X 24 ^o A 
or .r = — —7 — = 6 . Ans. 

(136) This problem may be solved by very simple rea- 
soning, thus: If sound travels at the rate of 6,160 feet in 

A ■ seconds, in 1 minute, which is lOr- times 5^ seconds 
'^ 11 2 
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(60-4-^ = 60X^ = ^=10^5), it will travel IC^X 

6,160 ft., or 67,200 ft. Ans. 
6160 
l^n 10x6,160 = ^ = 5,600. 



61600 
5600 



6 7200 ft. Ans. 
Or, if sound travels at the rate of 6,160 feet in 5— seconds, 

in 1 second it will travel as many feet as 5^ (5.5) is con- 

tained times in 6,160 feet, or 1,120 feet, and in 1 minute, or 
60 seconds, it will travel 1,120 X 60, or 67,200 feet. 

Or, it may be solved by proportion, as follows : In this 
problem it states that sound travels at the rate of 6, 160 feet 

in 5— (5. 5) seconds. We wish to know how far it will travel 

in 1 minute, which is equivalent to 60 seconds. It is evident 
that the distance it travels in 1 minute, or 60 seconds, bears 
the same relation to the distance it travels in 5.5 seconds 
that 1 minute, or 60 seconds, bears to 5. 5 seconds. Letting 
X occupy any place in the proportion, we have the following, 
the value of x being the same in each. Thus, 

(a) 6,160 feet : x feet :: 5.5 seconds : 60 seconds, 

6,160 X 60 369,600 
or X = — = 

5.5 5.5)369600.0(67200ft. Ans. 

330 



396 
385 



110 
110 



(i) X feet : 6,160 feet : : 60 seconds : 5.5 seconds, 
^^ ^ ^ M60X60 ^ g^ 200 feet. Ans. 

0.0 
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(r) 60 seconds : 5.5 seconds :: x feet : 6,160 feet, 

6,160 X 60 ^„ ^^^ . 
or .r = -^ — -— = 67,200 feet. Ans. 

(^/) 5.5 seconds : 60 seconds :: 6,160 feet : x feet, 
or ^ = M«0>1«0 ^ g^ 200 f eet. Ans. 



(137) We will first reduce 8 hr. 40 min. to minutes. 
8 hr. + 40 min. = (8 X 60 min.) + 40 min. = 520 min. In 
this problem we are required to find "time." We know 
that a railway train runs 444 miles in 520 minutes, and we 
want to know how long it will take it to run 1,060 miles at 
the same rate of speed. It is evident that the time it re- 
quires to run 1,060 miles bears the same relation to the time 
it takes to run 444 miles that 1,060 miles bears to 444 miles. 
Letting x occupy any place in the proportion, we have the 
following, the value of x being the same in each. Thus, 

(a) 1,060 miles : 444 miles \\x min. : 520 min., 

1,060 X 520 551,200 

or JIT = — = = 

444 444 

10 60 444) 5 51 200.00 (1241.44 + min. 

520 444 



21200 1072 

5300 888 



551200 1840 

1776 



640 
444 

1960 
1776 

1840 
1776 

64 
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Reducing 1,241.44 min. to hours by dividing by 60, we 
have 

6 ) 1 2 4 1.4 4 ( 20 hr. 41.44 min. Ans. 
120 



41 

(6) 444 miles : 1,060 miles :: 520 min. : x min. 

1,060 X 520 . _.^ ... ^^u A^ AA ' A 

X = — — 77-; = 1,241.44 mm., or 20 hr. 41.44 mm. Ans. 

444 

(c) X min. : 520 min. :: 1,060 miles : 444 miles. 

1,060 X 520 , ... .. . oA u >ii ./ • A 

X = 777 = 1,241.44 mm., or 20 hr. 41.44 mm. Ans. 

444 

(d) 520 min. : x min. : : 444 miles : 1,060 miles. 

1,060 X 520 . -., ... OAU .i ^>. • A 

X = — j-rz = 1,241.44 mm., or 20 hr. 41.44 mm. Ans. 

444 

(138) This is an inverse ratio since it will take a pump 
discharging 85 gal. per minute a longer time to fill the tank 
than one discharging 135 gal. per minute. The direct 
proportion would be 

135 gal. : 85 gal. ::38 min. : x min. 

In order to make the proportion inverse, we must invert 
one of the couplets, and we have 

135 gal. : 85 gal. : x min. : 38 min. 

135 X 38 ^^6 . . 
X = Q- = 60 r-x mm. Ans. 

135 
X 38 



1080 
405 



6 
8 5 ) 5 1 3 ( 6 O^njT 

510 



30__6^ 
8 5 ""17 
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(139) 8 lb. + 8 lb. + 80 lb. = 96 lb., or the number of 
pounds in the mixture. The relation between the amount 
of copper which 36 lb. of this mixture will contain, and the 
amount which 96 lb. contain is the same as 32 : 96 ; whence, 
the proportion, 

32 lb. : 96 lb. ::.r : 8 lb., 

96)256(2 

192 ^,^_ 32X8 _256_ 2 

— ^ ''^ ^ ~ 96 - 96 " % ^^- ^''^• 

96~3 

(140) This will be an inverse ratio, since the larger 
wheel will turn a less number of times than the smaller 
wheel in going a certain distance. The direct proportion is 

12.56 ft. : 15.7 ft. ::520:;r. 

Inverting one of the couplets, 

15.7 ft. : 12.56 ft. :: 520: ;r, 

12.56X520 ._^. . 

or ;r = ---5 = 416 times. Ans. 

15.7 

520 
12.5 6 



31 20 
2600 
1040 
520 

1 5.7 ) 6 531.2 (416 times 
628 



251 
157 



942 
942 



(141) Before forming the proportion, we will combine 
the three simple ratios into one by reducing them all to the 
same denomination. A cistern 28 feet long, 12 feet wide, 
and 10 feet deep contains 28 X 12 X 10 = 3,360 cubic feet 
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Again, a cistern 20 ft. long, 17 ft. wide, and 6 feet deep con- 
tains 20 X 17 X6 = 2,040 cubic feet. What do we wish to 
find ? In this case it is ** barrels.*' We know that a cistern 
containing 3,360 cubic feet holds 510 barrels of water, and 
we want to know how many barrels of water a cistern con- 
taining 2,040 cubic feet will hold. The number of barrels 
that a cistern containing 2,040 cubic feet will hold bears the 
same relation to the number of barrels that a cistern con- 
taining 3,360 cubic feet holds as 2,040 cubic feet bears to 
3,360 cubic feet. Hence, 

2,040 cu. ft. : 3,360 cu. ft. ::;r bbl. : 510 bbl., 

85 

_ ^,0^0X510 _4,335_ 9 
^^ " PP -T4--^^5^14t>bl. Ans. 

14 
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IN 



Algebraic Formulas. 

(QUESTIONS 142-213.) 



(142) Substituting for Dy x^ B^ and / their values, 

^ __ Z^ - or __ 120 - 12 _ 108 __ 

^"" ^+^ ""10 + 3.5 ""13.5""^* '^^^• 

A line between two numbers signifies that the one above 
the line, or numerator, is to be divided by the one below 
the line, or denominator. 

(143) Substituting for Ay h^ D^ and x their values, 

Ah + D _ (5 X 200) + 120 ^ 1, 000 + 120 ^ 1,120 _ 
2;r + 6 "■ (2 X 12) + 6 "" 24+6 ~" 30 " ** 
^^ + Z>= 37i + 120 = 157J. Ans. 

When there is no sign between the letters, multiplication 
is understood. 

(144) Substituting for By hy Ay Xy and /their values, 
3.246 X^X A 3.246X10X200 6,492 



r = 



Ax-^h (5 X 12) + 200 260 



Ai-B (5X3.5) -10 7.5 

6,492 -h 4^ = 6,492 X -^ = 187.269 +. Ans. 

(145) Substituting for Ay Dy /, and B their values, 

^j^\ r~AD~^ J 5"X120 ^./600^ 
^^^■^+1.5 ^ (3.5 X 10) + 1.5 ^36.5 

VT6~4383 = 4.05+. Ans. 

The square root sign extends over both numerator and 
denominator, thus indicating that the square root of the 
entire fraction is to be extracted. 
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(146) Substituting for B, x, A, and A their values. 



.=vC=4^==;=/ 



10 X 12 



.00018 A {A' - x) ^ .00018 X 200 X (5' - 12) 

^ .036 X (25 - 12) ^ .036 X 13 ^ .468 
>^256.41 + = 6.35 +. Ans. 

(147) Substituting for A, D, and A their values, 

- lOi/i-ny 10(200-120)' lOxSO* 64,000 ^^^^ 
^ i^D + A fl20 + 5 4!^125 5 ^^^ 

(148) Substituting for B, A, and D their values, 

^ {B- Ay - ^^^n+A ^ (10 - 5)' - ^^1M+^ _ 
<^ A*-{l + D) "" 5' -(1 + 120) "" 

5'-vl25 _ 25-5 _ 20 __ . 

125 - 121 "^"""T"^- ^''^• 

(149) Substituting for A, B^ and h their values, 

^ f^O"^ i^5x200""^ fT;000"^ 10"" 
>/50 = 7.071 +. Ans. 

(150) Substituting for A, A, D, ;r, and B their values, 



r= 







^00 + J^ (5' - 10)' 



. / 25 (490 + 400) ' ^a/ 25 X 890^ _ ^^JEo _ 
200 + (iV X 225) ~" ^ 200 + 22.5 " ^ 222.5 "" 

j/ToO = 10. Ans. 

(151) When one straight line meets another straight 
line, two angles are formed which together equal 180°. 
Hence, if one of the angles = 152° 3', the other angle 
= 180° - 152° 3', or 

180° = 179° 60' 
subtracting, 152° 3' 

27° 57'. Ans. 
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(162) There are 60 seconds in one minute and 60 min- 
utes in one degree; therefore, 140° = 140 X 60 = 8,400 min- 
utes; 8,400' + 17' = 8,417'; 8,417' = 8,417 X 60 = 505,020 
seconds, and 505,020' + 10' = 505,030'. Ans. 

(153) See Arts. 359 and 360. 

(154) (a) 240 -r- 60 = 4, the number of degrees. Ans. 

(*) 240 X 60 = 14,400, the number of seconds. 

Ans. 

(155) See Arts. 355-357. 

(156) See Art. 369. A rectangle with the same area 
would have the same base and altitude. 

(157) No, since the sum of the three shorter sides is 
not greater than the fourth side. 

(158) Since the area is to be found in square inches, 
the 2^ feet must be reduced to inches. 2^ ft. = 30 in. Area 
= 30 X Hi = 345 sq. in. Ans. 

(159) Since there are 144 sq. in. in 1 sq. ft., the area of 

345 
the zinc in the last example == — j = 2. 396 sq. ft. The weight 

5 25 
per square foot = ' = 2.19 -}- lb. Ans. 

(160) It will take 1^ boards to reach lengthways of the 

room. Since the room is 15 feet wide, and each board is 5 

5 
inches wide, it will take 15 -f- ~ = 36 boards, laid side by side, 

to extend across the width of the room. Hence, number of. 
boards required = 36 X 1^ = 54. Ans. 

(1 61 ) By the rule for the area of a trapezoid, area of the 

9+6 
land = — ^— X 16 = 120 square rods. Since there are 160 

square rods in one acre, 120 square rods = -— - = -- of an 

A 160 4 

acre. Ans. 

(162) The total area of the floor of the station 
= 55 X 58 ft. =3,190 sq. ft. - 25 X 26 ft. = 650 sq. ft., the 
area represented by the lower right-hand corner of the 
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figure. Hence, total area of floor = 3,190 — 650 = 2,540 
sq. ft. 

From this we have to deduct the following areas : 



2 boilers 


- 2 X 8 X 19 - 304. 


sq. ft. 


Feed pump 


- 2^X5 - 12.5 


sq. ft. 


2 engines 


2 X 4i X 10 90 


sq. ft. 


2 dynamos 


2X54^X6^ 71.5 


sq. ft. 


Switchboard 


= ^^></-^ = 2.92 

I/O 


sq. ft. 



I 

I 



-Sr 



698- 



iL. 



-to 



Jf- 



480.92 sq. ft. 

The unoccupied floor space, therefore, = 

2,540 - 480.92 = 2,059.08 sq. ft. Ans. 

(163) The length of the walk, neglecting the corners, 

that is, the distance 
a b-^b c-\-c d-\-day Fig. 
1, = 2 X 528 + 2 X 352 = 
1,760 ft. The width = 10 
ft.; area = 1,760 X 10 = 
17,600 sq. ft. The area of 
the four corners = 4 X 10* 
= 400 sq. ft. Total area 

FIG. 1. of walk = 17,600 + 400 = 

18,000 sq. ft. Hence the area in sq. yds. = — '- — = 2,000. 
Ans. 

(164) The area of the sides of the roonl = 2 X 20 X 90 
= 3,600 sq. ft. ; area of ends = 2 X 20 X 50 = 2,000 sq. ft. 
Total area of walls = 3,600 + 2,000 = 5,600 sq. ft. 

From this is to be deducted the following areas: 

4 doors = 4x5^X10 = 220 sq. ft. 
14 windows = 14 X 5 X 11 = 770 sq. ft. 
Length of baseboard, deducting the width of the 4 doors 
= 2 X 90 + 2 X 50 - 4 X 5i = 180 + 100 - 22 = 258 feet; 

width of baseboard = 9 inches, or f of a foot ; area of base- 

3 

board = 258 X -7 = 193.5 sq. ft. Hence, we have to deduct 

4 

220 + 770 + 193.5 = 1,183.5 sq. ft. 
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9? 



Number of sq. ft. of plastering = 5,G00 — 1,183.5 = 4,416.5 
sq. ft. ; number of sq. yd. of plastering = 4, 416. 5 -r- 9=; 490. 72. 
Ans. 

(165) A triangle with three equal angles has three 
equal sides, and is, therefore, an equilateral triangle. 

(166) A triangle with two equal angles has two equal 
sides, and is, therefore, an isosceles triangle. 

(167) No, since the sum of the two shorter sides is not 
greater than the third side. 

(168) (a) Draw a line B D from the vertex perpen- 
dicular to the base. Fig. 2. It will divide 

the base into two equal parts, as shown. In 
the right-angled triangle A B D^ the hypot- 
enuse -4-5=6, and side A D =^Z\ hence, 
b y rule 50, Art. 385, B D, the altitude = 
l/e'* - 3' = i/27 = 5. 196 ft. Ans. 

{b) Area =^-^^-1^=15. 588 sq.ft. Ans. 

At 

(169) The sum of the three angles in any triangle = 2 

right angles, or 180°. In the given triangle, the sum of two 

angles = 23° + 32° 32' = 55° 32', and the third angle = 

180° - 55° 32', or 

180° = 179° 60' 

subtracting, 55° 32' 

124° 28'. Ans. 

(170) In Fig. 3 we have the pro- 
portion A D : D E :: A B : B C, in 
which AD = 10 in., ^ ^ = 24 in., and 
BC=13^ in., to find BE, 

Substituting the given values. 





10 : BE :: 24 : 13^, or 



Pig. 8. 



DE = 



10 X 13.5 
24 



= 5. 625 in. Ans. 



(171) A line drawn diagonally from one corner to the 
opposite one would form the hypotenuse of a right-angled 
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A B and A C, and the side B C each = 1 inch, and the tri- 
angle A B C vs^ equilateral. Draw the line A D perpen- 
dicular to the side B C\ \\. will bisect B C, Then, in the 
right-angled triangle A D B, A B = 1, 2indBD= y, to fi nd 
A D, According to rule 50, Art. 385, AD^ /l' — .5' = 
^/TtB = .866''. Hence, the distance between two opposite 
sides of the hexagon = yii?x2 = .866x2 = 1.732^ Ans. 

(183) In Fig. 7, we have the pro- 
portion BI \ H IwH I \ I Ay in which 

^/=6, and 7//= J-of jyir= ^= 9. 

<i At 

Substituting, 6 : 9 :: 9 : /^, or I A = 

81 

— =13.5in. Hence, the diameter -^^= 

IA + BI= 13.5 + 6 = 19.5 in. Ans. 

(184) If the diameter AB = ^%\ ft. and IB=Sh.y 
A 1= 32^ — 8 = 24^ ft. Then, from the proportion of the 

last example, 8 : HI\\HI\ 24. 5, whence //"/ = 4/8 X 24. 5 = 
4/l96~= 14 ft., and H K = 2 X 14 = 28 ft. Ans. (See 
Art. 400.) 

(185) Diameter = circumference -f- 3.1416. By rule 
56, Art. 403, diameter of tree = 7.854 -1- 3.1416 = 2^ ft. 
Ans. 

(186) One mile = 5,280 feet. The circumference of 

the wheel in feet = -^ = 18.8496. (See rule 55, 

Art. 402.) Number of revolutions in going one mile = 
5,280 -7- 18.8496 = 280.112. Ans. 

(187) Using rule 58, Art. 405, area = diameter 
squared X . 7854. 6. 06' = 36. 7236 ; 36. 7236 X . 7854 = 28. 8427 
sq. in. Ans. 

(188) By rule 59, Art. 406, inside diameter = 



w' 113.0973 



^^^^ =12''. Since the pipe is ^^ thick, the outside 
.7854 ^ 

diameter must be f'' X 2 = 1^ more, or 12 + 1^ = 13^'. Ans 
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(189) Since the radius of the circle = 6 in., its diam- 
eter = 12 in., and its circumference = 12 X 3.1416 = 37.6992 
in. There are 360° in the circumference, and the length of 

an arc of 12° = 37.6992 X 4^ = 1.25664 in. Ans. 

(190) The area of a circle 22 inches in diameter = 22' 
X .7854= 380.1336 sq. in. (See rule 58, Art. 405.) Area 
of a circle 21 inches in diameter = 21' X .7854 = 346.3614 
sq. in. Hence, the area of a flat ring whose outside 
diameter = 22 in. and inside diameter = 21 in. is 380.1336 — 
346.3614 = 33.7722 sq. in. Ans. 

(191) In the formula of rule 61, Art. 408, 

^^\/n 

~~Q^Y -r —.608, //= the height of the segment = 5 in., and 

D =the diameter of the circle=56 in. Hence, the area of the 

. 4X5' ./56 ~7 100 . 

segment = — ^ — y ~ -.608 = -^>/l0.592 = 33^X3.255= 

108.5 sq. in. Ans. 

(192) In Fig. 8, let A C ^ Z> represent a section of the 
largest square bar that can be planed 
from the round bar. A B and C D 
each = 2 in. , and in the right-angled 
triangle A O C, the sides A O and C O 
each = 1 in. The hypotenuse A C = 

>/l'+l'=t^= 1.4142 in. Ans. Hence, 
the largest square bar that can be 
planed from the round bar is 1.4142^ 
square. fig. 8. 

(193) The area of a circle 15 in. in diameter = 15' X 
,7854= 176.715 sq. in. Hence, the area of a sector of this 

circle, whose angle is 12^, = 176.715 X ^S" = ^'^fa^,^^ = 
6.1359 sq. in. Ans. (See rule 60, Art. 407.) 

(194) {a) The side of a square whose area = 103.8691 
sq. in. = / 103. 8691 = 10.1916 in. Ans. 
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(i) By rule 59, Art. 406, the diameter of a circle 

u • 4.1, ./ 103.8691 _, . . 

having the same area = y — r^— j — = 11 J in, Ans. 

(c) Perimeter of the square = 10.1916 X 4 = 40.7664 in. ; 
circumference of the circle = 11.5 X 3.1416 = 36.1284 in.; 
difference = 40. 7664 - 36. 1284 = 4. 638 in. Ans. 

(195) With 5 in. allowed for lap, the length of the 
plate which forms the shell is 46 — 5 = 41 in. This is the 
circumference of the shell. By rule 56, Art. 4039 the 

diameter corresponding to this circumference is ' ^ . .^ = 

3. 1416 

13.05 in. Ans. 

(196) The convex area is the area of the outside sur- 
face, not including the area of the ends. The circumference 
of the base = 26 X 3.1416= 81.6816 in. This reduced to 
feet, since the area is to be in feet, = 81.6816 -=- 12 = 6.8068. 
Using rule 62, Art. 416, convex area = 6. 8068 X 10^ = 
71.4714 sq. ft. Ans. 

(197) The perimeter of the base = 4 X 6 = 24 in. = 2 
ft. Convex area = 2 X 12 = 24 sq. ft. The area of the 

bases is found as follows: In Fig. 9, 
A B= 4:in. and -^ C = 2 in. ; since this is 
a regular hexagon, A O =: A B = 4: in. 

By rule 50, Art. 385, 0C= j^^ — V = 
>/l2 = 3.4641 in.; area of triangle 
A O B 3^ ^X3.4641 ^ g^^g^ ^^ .^^ 

^^^- ^' area of base = 6.9282 X 6 = 41.5692, and 

the area of both bases = 41.5692 X 2 = 83.1384 sq. in. This 

reduced to square feet = — ^rjj — = .5774. Hence, the area 

of the entire surface of the column is 24 + .5774 = 24.5774 
sq. ft. Ans. 

(198) The cubical contents in cubic inches = area of 
base in square inches X altitude in inches. The area of the 
base in the last example was found to be 41.5692 sq. in.; 
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altitude = 12x12=144 in. Hence, the cubical contents= 
41.5692 X 144 = 5,985.9648 cu. in. Ans. 

(199) This example is solved by combining the rules 
for the circular ring (see example, Art. 406) and for the 
cylinder. To obtain the area of one end of the tube, we have 
4' X .7854 = 12.5664 = area of a circle 4 inches in diameter; 
3.73* X .7854 = 10.9272 = area of a circle 3.73 inches in 
diameter; difference = 12.5664 — 10.9272 = 1.6392 = area of 
one end of the tube. The cubical contents = 1.6392 X 12 
= 19. 6704 cu. in. ; the weight = 19.6704 X .28 = 5.5, or 5^ lb. 

Ans. 

(200) This example is done exactly like the one in Art. 
41 7, and the solution is given here without explanation. 

(a) In the formula of rule 61, Art. 408» 

4:A' ,/S 

Substituting, area = 
i>^/|0_ g^jg^ 42<324 ^3 333_go8 = 432 X |/2?m= 

o lo o 

432x1.65 = 712.8 sq. in. This reduced to square feet 
= 712.8 -T- 144 = 4.95. Hence, the steam space = 4.95 X 
16 = 79.2 cu. ft. Ans. 

{i) Total area of one end of boiler in square inches = 
60' X .7854 = 2,827.44. From this is to be subtracted the 
area of the tube ends and of the segment found above. 

Area of ends of tubes = 3.5' X .7854 X64 = 615.75 sq. in. 
Area of segment = 712.8 sq. in. 

1,328.55 sq. in. 

Area of water space = 2,827.44 — 1,328.55 = 1,498.89 
sq. in. 

Contents of water space = 1,498.89 X 16 X 12= 287,786.88 
ca. in., and 287,786.88 -r- 231 = 1,245.83, number of gallons, 
or say 1,246 gal. Ans. 

(201) {a) Area of piston = 19' X .7854 = 283.529 sq. in., 
or 1.9689 square feet (rule 58, Art. 405). 



IM 
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"Length of strote plus the clearance = 1.14 x 3 ft. (34 in. 

= 2 ft.) = 2.28 ft. 

1.9689 X 2.28 = 4.489 cubic feet, or the volome of steam 
in the small cylinder (rule 63, Art. 417). 

(A) Area of piston = 31* X .7854 = 754.7694 sq. in., or 
5.2414 square feet. 

Length of stroke plus the clearance = 1.08 X 3 = 2.16 ft. 

5.2414 X 2.16 = 11.321 cubic feet, or the volume of steam 
in the large cylinder. Ans. 
11.321 



{c) Ratio = Yjg^ or 2.522 : 1. Ans. 

(202) Let the equilateral triangle ABC, Fig. 10, rep- 
jl resent the base of the pyramid. By rule 

50, Art. 385, the altitude A D ot the tri- 
angle =^10^^^^= V^= 8.6602 in., and 
according to rule 51, Art. 386} the area 

of the triangle =i^^i|^^ = 43.301 sq. in. 




Using rule 65, Art. 423, volume of pyra- 
43.301 X 10 _,,,^,,_ 



Fig. id. 

mid = area of base X ^ altitude 

in. Ans. 

(203) In Fig. 11, let C/^ be the altitude and OE the 
slant height of the pyramid. 

Connect points H and E, 
forming the right-angled tri- 
angle ONE, in which we 
have to find OH. Since it 
is a right pyramid, point H 
will fall at the center of the 
base ABC D, and, hence, the 



line HE -. 



1 , 



', or 8 in. ; 



(?A= 25 in.; by rule 50, 
Art. 385, O A'=/25' - 8'= 
V6(ir= 23.6854 in. Ans. 
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(204) The area of the convex surface = circumference 

of base X ^ slant height = 18.8496 X y = 94.248 sq. in. 

(See rule 64, Art. 422.) The area of the entire sur- 
face = 94.248 sq. in. + the area of the base. The diameter 

of the base = _ ' ^ ,, = 6 in. ; hence, the area of the base = 

0.1416 

6' X .7854 = 28.2744 (rules 56 and 58, Arts. 403 and 

405); therefore, the area of the entire surface = 94.248 + 

28.2744 = 122.5224 sq. in. Ans. 

(205) Using rule 65,Art. 423,volume=area of base x -^ 

o 

9 
altitude = 28.2744 X o" = 84.8232 cu. in. Ans. 

o 

(206) The vat has the forna of an inverted frustum 
of a pyramid. Area of larger base = 15" = 225 sq. ft. ; 
area of smaller base = 12' = 144 sq. ft. Hence, by rule 
67, Art. 427, the contents of the vat in cubic feet = 

(225 + 144 + 4/225 X 144) — = (369 + 180) x ^ = 549 X^ = 

2,013 cu. ft. This should be reduced to cubic inches by 
multiplying by 1,728, the number of cubic inches in a 
cubic foot. 2,013 X 1,728 = 3,478,464 cu. in. Since there 
are 231 cubic inches in a gallon, the number of gallons 

that the vat will hold = ^'^I^'/^^ = 15,058.29. Ans. 

231 

(207) The pail is in the form of a frustum of a cone. 
Area of larger base = 12" X .7854 = 113.0976 cu. in. Area 
of smaller base =63.6174 cu. in. Hence, the contents in 
cubic inches = 

(113.0976 + 63.6174 + 4/113.0976 X 63.6174) X^ = 
(176.715 + 4/7,194.9753) ^ = (176.715 + 84.8232) X ^ = 

261.5382X^ = 958.9734. 
The contents of the vat in cubic inches were found in the 
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last example to be 3,478,464. Hence, the number of pails of 
water required to fill the vat = 3,478,464-=- 958.9734 = 
3,627.28. Ans. 

(208) By rule 66, Art. 426, the area of the convex 
surface = half the sum of the perimeters of the upper and 

lower bases X the slant height, or — ^ — x 32 = 42 X 32 = 

1,344 sq. in. 

(209) See note following the question. 

Outside diameter of upper base = ,, ^ .', = about 54.27 

o.l41o 

in. ; inside diameter = 54.27 — 2.5 = 51.77 in. ; area of upper 

base = 51.77' X .7854 = 2,105 sq. in., nearly. 

190 
Outside diameter of lower base = ., ^ , ^ ^, = 60.48 in., 

o.l41b 

nearly; inside diameter = 60.48 — 2.5 = 57.98 in. ; area of 

lower base = 57.98' X .7854 = 2,640 sq. in., nearly. 

Apply rule 67, Art. 427. Contents of the tank in cubic 

7 y 12 

inches= (2,105 -f- 2,640 + |/2, 105 X 2,640) X ^ =(4,745 

+ 2,357) X 28 = 7,102 X 28 = 198,856 cu. in. Hence, the 
number of gallons = 1 18,856 -^ 231 = 860.8. Therefore, in 
round numbers, the tank will hold 861 gallons. 

(21 0) (a) By rule 68, Art. 429, area of the surface = 
22.5' X 3.1416 = 506.25 X 3.1416 = 1,590.435 sq. in. Ans. 

(b) Using rule 69, Art. 430, the cubical contents = the 
cube of the diameter X .5236 = 11,390.625 X .5236 = 
5,964.1313 cu. in. Ans. 

(211) Having given the area of the surface, to find the 
volume we must first obtain the diameter. The process is 
just the reverse of finding the surface when the diameter is 
given. Hence, the diameter = |/201. 0624-^-3.1416 = 4/64 = 
8 in. By rule 69, Art. 430, volume = 8' X .5236 = 268.0832 
cu. in. Ans. 
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(21 2) (a) Given O B =^, or 8 infches, and 0A= ^, 

or 6^^ inches, to find the volume, area, and weight (see 
Fig. 12) : 

Radius of center circle equals "1 ' , or 1\ inches. 

<i 

Length of center line = 2x3. 1416 X 

7i = 45. 5532 inches. 

The radius of the inner circle is 6^ 
inches, and of the outer circle 8 inches ; 
therefore, the diameter of the cross- 
section on the line A B \^ 1^ inches. 
Then, according to rule 70, Art. 431, fig. 12. 

the area of the ring is 1^ X 3.1416 X 45.553 = 214.665 square 
inches. Ans. 

Diameter of cross-section of ring = 1^ inches. 

Area of cross-section of ring = (1^)'' x .7854 = 1.76715 sq. 
in. Ans. 

By rule 71, Art. 432, volume of ring = 1.76715 X 45.553 
= 80.499 cu. in. Ans. 

{b) Weight of ring = 80.499 X .261 = 21 lb. Ans. 

(213) The volume of the ring equals the product of its 
cross-sectional area and its length on line D\ therefore, 

1 144.349 -, ^^^ 

cross-sectional area = ^^ .^ = 7.069 sq. in. 

20. 42 




__ V7.069 



The diameter AB = y -^j— j = 3 in. 

Area of surface = circumference of circle, of which A B 
is diameter, X length = 3.1416 X 3 X 20.42 = 192.45 square 
inches. Ans, 



I 



ELEMENTARY ALGEBRA 

AND 

TRIGONOMETRIC FUNCTIONS. 

(QUESTIONS 214-268.) 



(214) See Art. 531. 

(215) {a) 3x+6 — 2x=7x. Transposing 6 to the 
second member, and 7x to the first member (Art. 575), 

Sx—2x—7Ar= — G. 
Combining like terms, — (U' = — ; 
whence, x = 1. Ans. 

(d) 5x - (3;r - 7) = 4rX - {%x - 35). 

Removing the parentheses (Art. 482), 

bx - dx -\-7 = ^x — Qx -\- 35. 

Transposing 7 to the second member, and ^x and — Qx to 
the first member, 

5;ir - 3;r - 4:X + 6x = 35 - 7. (Art. 575.) 

Combining like terms, 4-r = 28 ; 
whence, ;r = 28 -i- 4 = 7. Ans. 

(c) {x + 5y - (4 - xy = 21.1'. 

Performing the operations indicated, the equation becomes 

x^ + 10.r + 25 - 16 + 8^ - x' = 21.r. 
Transposing, x^ - x"" + lOx + 8;r — 21;ir = IG - 25. 
Combining like terms, — 3;ir = — 9. 

Dividing by — 3, x = S, 
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(216) 

2<?« - 2rt* - 4^1^ - 2^3 Ans. 

- 2<i* + 2^ + 4^^* + 2rt« 

-3^+ ^3+ 8^1* -1-7^1 
-3^^-1-3^3+ 6a«-i-3a 

-2^3+ 2a» -1-4^ + 2 
-2rt»-h 2rt'^ + 4a + 2 

(217) {a) 2 + 4^? - o^'* - Grt' 

7^' 



14^?' + 28^* - ^S^?** - 42^*. Ans. (Art. 493.) 
(b) 4:x' - 4j'' + 0^" 

12x> - 12;ry + \%xyz\ Ans. 
(r) 3* + 5r - 2^ 



18^/; -f SOrt'f — I'^ad. Ans. 



(218) Let a' = number of miles he traveled per hour. 

48 
Then, — = time it took him. 

X 

48 

= time it would take him if he traveled 



X -\- 4 

4 miles more per hour. 

In the latter case the time would have been 6 hours ; 
hence the equation 

Clearing of fractions, 48 = G (;ir + 4). 
Dividing by G, 8 = .r-f-4. 

Transposing, 8 — 4 = .t'. 

X = 4. Ans. 

(219) The square root of the fraction a plus b plus c over 
;/, plus the square root of ^, plus the fraction 6 plus c over w, 
plus the square root of the quantity a plus ^, plus the frac- 
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tion c over ;/, plus the parenthesis a plus b^ times r, plus a 
plus be. 

(220) (ct) Writing the work as follows, and canceling 
common factors in both numerator and denominator (Arts. 
545 and 546), we have 

/\ — xx 



9 X X 24 X m^ X ^/' X /' X ^ X ^' X y'' _ 3 ww^j 
8 X 2 X 90 X w X « X /' X ^^ X ;r X J' 4/^' 

(^) This problem may be written as follows, according to 

Art. 529, 

?tax +4 a^ 

^\ 



a{3ax + 4) {3ax + 4)' 

Canceling a and (Sax- A- 4), we have ; — -. Ans. 

^ ' Sax -^4: 

(221) See Arts. 602 and 603. 

Sin 17° 28' = .30015. 

Sin 17° 27' = .29987. 

30015 - 29987 = 28, difference for 1'. 
28 X H = 17, difference for 37^ 
29987 + 17 = 30004. 
Hence, locating the decimal point, 
Sin 17° 27' 37'' = .30004. 

Cos 17° 27' = .95398. 
Cos 17° 28' = .95389. 
95398 - 95389 = 9, difference for 1'. 
9 X II = 6, difference for 37''. 
95398 - 6 = 95392. 
Hence, Cos 17° 27' 37" = .95392. 

Tan 17° 28' = .31466. 
Tan 17° 27' = .31434. 

31466 - 31434 = 32, difference for 1'. 
32 X H = 20, difference for 37". 
31434 + 20 = 31454. 
Hence, Tan 17° 27' 37" = .31454. 
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Sin ir 27' 37' = .30004. \ 
Cos 17° 27' 37' = .95392. [ Ans. 
Tan 17° 27' 37" = .31454. ) 

(222) Let X = the capacity. 
Then, x — 42 = amount held at first. 

7(.r- 42)=a-. 
7x - 294 = X. 
V>x = 294. 
X = 49 gallons. Ans. 

(223) /-/-,-<- = — ' — r-i • Cancelinc: r, which 

u 4. u a-\-b-\- d . , d 

IS common to each term, we have — ' — ; — = — = 1 H ; — f- 

a -}- a -\- 

Ans. 

(224) The solution is exactly similar to that of example 
221, preceding. 

Sin of 63° 4' 51.8''= .89165. 
Cos of 63° 4' 51.8" = .45274. 
Tan of 63° 4' 51.8" = 1.96949. 

(225) (r-^)-* = f^ Ans. 

(/;/ >/;/')"* = ;;/~*(//^)"* = ;«"*w"^ = -j-^. Ans. 

mhr 

{cd~y = c^d~^, or f^^^ or r ^. Ans. (Art. 565.) 

(226) ^i — - 1^=^ + ^^f ~,'^' . If the denominator 

of the third fraction were written 4 — .r% instead of x^ •— 4, 
the common denominator would then be 4 — x*. 

By Art. 531 , — ^ r- becomes 5— — j = ^ =-. 

^—4 — X^ -{- 4: 4: — X^ 

„ 3 + 2-r 2 - 3x 16-r - x" ^ ^ 

Hence, -r — -■ ^-, when reduced to a 

2 — X 2-}- X 4: — x^ ' 

common denominator, becomes 
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(3 + 2x) (2 + ;r) - (2 - dx) (2 -x ) - {ICx - x') __ 

4:-x' ~ 

(6 + 7;r + 2x') - (4 - 8^ + 3x') - {U \ x - x^) 

4-;r» 

Removing the parentheses (Art. 482), we have 

6 + 7^ + 2^' - 4 + %x - :ix' - 16x + x' 

4:- X' 

Combining like terms in the numerator, we have 

2 — X 

Factoring the denominator (Art. 523), we have 

'Z -x 

(2 + ;r ) ( 2 - x)' 

Canceling the common factor (2 -- x), the result is equal to 

., or — — r. Ans. (Art. 456.) 



2 + x' x+2 
(^0'7\ a' + c' + ac a-^c^^b ^ -2ac 

Arranging the terms, we have 

a^j^ac-\- c" a" - 2ac + c" - b" 



S ) 



a^ - 2ab ■\- b'' - c" "^ a\ + a'c^ + ac 
which, by the use of parentheses, becomes 

a^ + ac + c' {a^ - 2ac + c'') - b'' 



(a" - 2ab + b^) - c" a\ + ^V^ + ac^ ' 

By Art. 5 1 8, we know that a^ — 2ab + b'' and a^ — 2ac + r' 
are perfect squares, and may be written {a — by and (a — r)^ 

Factoring a^c + ^V + ac^ by Case I, Art. 516, we have 

a^ j^ac-\. c^ {a - cf - b ' _ 
(a - by -c'^ acia" + ac + r^) ~ 

a^ -^ ac -\- c" (a — c ^ b) {a — c -\- b) 



{a — d — c) (a — d -\' c) ac(a' -\- ac -\- c') 

(Art. 523.) 
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Canceling common factors and multiplying, we have 

or — r-^ — ;— — r. Ans. 



{a — b -\' c)ac^ ac(a — b -\-c)' 

(228) If none of the terms is similar, the subtraction 
of one expression from another may be represented only, by 
connecting the subtrahend with the minuend by means of 
the sign — . Thus, if it is required to subtract ba^b — la^b"^ + 
bab^ from a* — b\ the result will be represented by a* — b* 
— {ba^b — la'^b'^ + bab^), which, on removing the parenthesis 
(Art. 482), becomes a' - b' - 5a'b + 7a'b' - 6ab\ From 
this result subtract *da' - Wb + ^a'b^ + bab^ - U\ 

a* — b* — Via^d H- Trt'^^* — bab^ minuend. 
- iia* 4- 3^* -h Aa'^b — 6a^b'^ — hab^ subtrahend, with signs changed. 

- 2^-» -h U"- - a^b -h a'^b^ - lO^^"* remainder. (Art. 479.) 

Or, - ^a' - a^b + a'b' — \^ab^ + 2*\ Ans. arranged 
according to the decreasing powers of a. 

(229) .27038 = sin 15° 41' 12. 9^ (Art. 606.) 

.27038 = cos 74° 18' 47. 1''. 

2.27038 = tan 66° 13' 43.2". 

(230) (ci) If the work done 07i a piston by the confined 
gases be considered positive, then the work done by the 
piston in pushing the gas out of the exhaust-port may be 
considered negative. 

{b) While in arithmetic we can add and subtract only 
positive quantities, in algebra we can perform these opera- 
tions on both positive and negative quantities. • 

(231) {a) The value of a' is 1. (Art. 503.) 
{b) —:, = a. Ans. (Art. 565.) 

(232) - "^ 7 !'' 7 t? = ^"^ ~/ ^^ZL Ans. (Art. 531.) 

(233) {a) By Art. 530, the reciprocal of f| = 1 ~ ^ = 
X ii = M- Ans. 
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(d) Since, by Art. 530* a number may be found from 
its reciprocal by dividing 1 by the reciprocal, the number = 
1-^700 =.001 44. Ans. 

(234) (a) ^a-2b + Sc ^a-2d + 3c 

'2a — Sd — c becomes — 2^; + 8^ + ^ 

rt + G* + if 

when the signs of the subtrahend are changed. Now, adding 
each term (with its sign changed) in the subtrahend to its 
corresponding term in the minuend, we have (— %a) -\- (3^) = 
^; ( + 8*) + ( - 2*) = + 6*; ( + ^) + (3f) = + 4f. Hence, 
a -\-%b -\- ^ equals the difference. Ans. • 

2;ir3 — 3jr«j/ + 2.rv'* 2a^ - Sjt^j/ + %xf 

jfi _)_^8 _ j^yi becomes —x^ —y^ + xy^ 

x^ - Sxy + 2xy^ -y^-h xy^ 

when the signs of the subtrahend are changed. Adding 
each term in the subtrahend (with its sign changed) to its 
corresponding term in the minuend, we have x^ — Sxy -\- 
%xy^ — y -{- xy^j which, arranged according to the decreasing 
powers of ;r, equals x^ — 3xy + xy^ + 2xy^ — y^. Ans. 

{c) Ua + U-'6c-dd 

11a - 2* + 4r - 4rf 

On changing the sign of each term in the subtrahend, 
the problem becomes 

14a + 4* - 6f - 3rf 
- 11a + 2d- 4f + 4^ 

3a + 6/f- 10c + d 

Adding each term of the subtrahend (with the sign 
changed) to its corresponding term in the minuend, the 
difference, or result, is 3a + 6^ -- 10^ + d. Ans. 

(235) The numerical values of the following, when 
^ = 16, ^ = 10, and ;ir = 5, are : 
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{a) {ab\v + %ibx) 4rt: = (IG X 10' X 5 + 2 X 16 X 10 X 5) X 
4 X 1<». It must be remembered that when no sign is 
expressed between symbols or quantities, the sign of multi- 
plication is understood. 

(10 X 100 X 5 + 2 X 10 X 10X5) X 04= (8,000 + 1,600) X 
04 = 9,()00 X 04 = 014,400. Ans. 

^ 10-10 ^ 5 

10-H'^ + l= ^"^-f + « ^| = ^. Ans. 



(c) (/; - ^a) (.r»- b") {a^- b') = (10 - |/l6) X (5'- lO'') X 
(10' - 10*') = (10 - 4) (125 - 100) (250 - 100) = X 25 X 
156 = 23,400. Ans. 

(2361 (a) ^xvz '^^^ ^^"^ ^^ ^^^ coefficients 

- 3.ri/^ ^^ ^^^ positive terms we find 

- bxy;: ^^ ^^ + 1^' ^^^^^ ( + ^'^ ) + 
ilvy:; ( + 0) + ( + 4) = ( + 13). 

_ c^^yr. When no sign is given be- 

3;rr;j fore a quantity, the + sign 

must always be understood. 

- 4^j/7 Ans. ,p^g g^j^ q£ ^j^^ coefficients of 

the negative terms we find to be — 17, since (— 9) + (— 5) + 
( — 3 ) = ( — 17 ). Subtracting the lesser sum from the 
greater and prefixing the sign of the greater sum ( — ) 
(Art. 471, Rule II), we have ( + 13 ) + ( - 17 ) = - 4. 
Since the terms are all alike, we have only to annex the 
common symbols xys to — 4, thereby obtaining — A:xys for 
the result, or sum. 

{b) 3^' + "lab + 4^' When adding polynomi- 

5^2 _ g^^ _|_ ^2 als, always place like 

_ ^2 _^ -^^ _ ^2 terms under each other. 

IS^'' - 20^^ - 19*' (Art. 478.) 

14^3 — Mb + 20*' I'hc coefficient of a* in 

r— ^ _ . , , — —^ . the result will be 39, since 
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(+ 5) + (+ 3) = 39. When the coefficient of a term is not 
written, 1 is always understood to be its coefficient. 
(Art. 442.) The cqefficient of ab will be — 24, since 
(- 3) + (- 20) + (+ 5) + (- 8) + (+ 2) = - 24. The 
coefficient of b^ will be (+ 20) + (- 19) + (- 1) + (+ 1) + 
(+ 4) = + 5. Hence, the result, or sum, is 39^" — 24^^ + 5^^ 

{c) ^mn + ^ab — 4r 

+ "ittnn — ^b + 3ar + 3w' — 4/ 

6mn — ab — ^ + 3x + 3m^ — 4/. Ans. 

(237) {a) See Art. 445. 

(b) In multiplication, coefficients are multiplied, and 
exponents are added. In division, the coefficients of the 
dividend are divided by those of the divisor, and the expo- 
nents of the divisor are subtracted from those of the divi- 
dend. See rules of multiplication and division. 

{c) See Art. 487. 



(238) The sid e B C = VaB' - A C\ ov B C = 
4/17.69' - 9.75" = 4/217.8736 = 14 ft. in. To find the 
angle BAC, we have 

cosBAC='^,or cosBAC= -^'^^ = .55115. (Art. 695.) 



. o •)«)/ I i-n 



.55115 = cos 56° 33' 15 

Angle ^ i^ C = 90° - angle B A C^ or 90° - h^S"" 33' 15" = 
33° 26' 45^ 

SideZ?C= 14 ft. 9 in. ] 

Angle BAC = 56° 33' 15". V Ans 
Angle ABC= 33° 26' 45". ) 

When the denominators contain both simple and com- 
pound expressions, it is best to remove the simple expres- 
sions first, and then remove each compound expression in 
order. Then, after each multiplication, the result should 
be reduced to the simplest form. 
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Multiplying both sides by 36, 

5;r — 4 

or — -— = 20. 

5;r— 4 

Clearing of fractions, 

144^ - 432 = 100;r -80. 

Transposing and combining, 

44^ = 352 ; 
whence, x = S. Ans. 

{d) ax — ' — = — becomes, when cleared of fractions, 

2ax — 'da -\- dx = 1. 

Transposing and uniting terms, 

2ax -\- bx = iia -\- 1. 
Factoring, {2a + b)x = :Ui + 1 ; 

whence, r = ^ — — r. 



2a + b' 



Ans. 



aA' X 

(c) am — b ,- + ^— = becomes, when cleared of 

' b m 

fractions, 

abm'^ — b^m — amx -\- bx = 0. 

Transposing, bx — amx = b^m — abm^. 

Factoring, (/; — am)x ~ bm{b — am) ; 

, binib — am) , . 

whence, v = —7-=^ ^ = bm. Ans. 

yb — am) 

(240) (^?) a square x square, plus two a cube b fifth, 
minus the parenthesis a plus b. 

(b) The cube root of x, plus j times the two-thirds power 
of the parenthesis a minus ;/ square. 

(c) The parenthesis ;;/ plus ;/, times the square of the 
parenthesis ;// minus «, times the parenthesis m minus the 
fraction ;/ over two. 
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(241 ) {a) IQa'd' ; a* + ^ab ; W - IQa'b + ba' + lax. 

{b) Since the terms are not alike, we can only indicate the 
sum, connecting the terms by their proper signs. (Art. 476.) 

{c) Multiplication: 4^^Vmeans4x^X^'X^. (Art. 441.) 

(242) {a) 45;ry » - 90^y - 360;iry = 

45;ry (,ry - 2;r - Sj). Ans. (Art. 516.) 

{b) a'b^ + '^abcd + rW'' = {ab + cd)\ Ans. (Art. 5 1 9.) 
(c) {a + by -{c-dy ^{a+b + c -d) (a + b-c + d). 
Ans. (Art. 523.) 

(243) {a) On removing the vinculum, we have 

2a - {U + [4t- - 4^ - {2a + 2b)] + lda-b-c]\. 

(Art. 482.) 
Removing the parenthesis, 

2a- {3* + [4r - 4rt: - 2a - 2b] + [3^ - b -c] |. 

Removing the brackets, 

2a - {3b + 4:r-^a- 2a — 2b-\-'6a — b- c\. 

Removing the brace, 

2a — Zb — ^c -\- ^ -^2a ^2b — '6a '\- b ^ c. 

Combining like terms, the result is ha — 3r. Ans. 

(^) Removing the parenthesis, we have 

la - \Za- \2a - ha -\- 4^;] }. 

Removing the brackets, 

la — \Za — 2a -\- ha — 4^ } . 

Removing the brace, 

la — 6a -\-2a — ha-\- 4:a. 
« 

Combining terms, the result is 5a. Ans. 
(c) Removing the parenthesis, we have 

a- {2b + [3c - 6a - a - b] + [2a — b — /:] }. 
Removing the brackets, 

a — {2b + 6c — 6a — a — b + 2a — b — c\. 
Removing the brace, 

a — 2b — 6c + 6a -^ a + b — 2a + b + c. 
Combining like terms, the result is 6a — 2c, Ans. 
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(244) The hypotenuse A B = VTC + TTC^ or 

. / // z= |/r775^"+"2T7:3' = i/759^ = 27.57, nearly. Ans. 

Tan J = 4^ = 1^ = .82160. (Art. 59«.) 

.82100 = tan 39° 24' 23'. 
Angle A = 39'' 24' 23'. Ans. 
Angle Jy = 90" - angle A = 90'' - 39° 24' 23' = 50° 35' 37'. 

In order to transform this formula so that /, may stand 
alone in the first member, we must first clear of fractions. 
P(!rf()rming this operation, we have 

Trans|)osing, we have 

- jr,v,= ">,/,- /IF,..-/ jF,j, 

Factoring, we have 
when(*e, ^, = — riF^ -^' Ans. 



22 



(246) Let X = the part of the work which they all can 
do in 1 (lay when working together. 

Th(Mi, since ^^, = ;\, | + | + ^^ = ^ ; 

or, cli^'iring of fractions and adding, 

15 = 3(U', and x = ^. * 

Since tliey can do J the work in 1 day, they can do all the 
work ill 2 (lays. Ans. 

(247) (^r) 1_ _ J_ 1 + -y ~ 1 + >t- 

I - X 1 + X 1-x' 



1 - X "^ 1 + x 1-x^ 

X -^^ — = X. Ans. (See Art. 559.) 



1 - x' ' 1 - x' 1-x''^ 2 
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(*) ^_ul a'^-b' a^^b' 



^ _ a-b a^b - b" {a - b) a^b - ab + b"" 
b^ ab ~ab^ W 

a^-^b"" ^ a'b - ab' + b __ a^^b ab 

ab * ab ~ ab ^ b {a' - ab + b) 

a 4- b . 
— 2: — . Ans. 
a 

{c) 1 _ 1 _ -t 



1 , 3-x Sx+S' 



Ans. 



d-x (Art. 559.) 

(248) {a) Ga*b + a'b - 7a'b + %abc + 3. 

(b) 3 + %abc + ^'/^^ - "ia^b + 6^^/^\ 

(^) \-\- ax-\' a^ -\- 2a\ Written like this, the a in the 
second term is understood as having 1 for an exponent; 
hence, if we represent the first term by ^^ in value it will 
be equal to 1, since a^ = 1. Therefore, 1 should be written 
as the first term when arranged according to the increasing 
powers of a. 

(249) {a) According to Art. 563, xi expressed radi- 
cally is i^; 



dx^j i expressed radically is 3 yxj/'^; 
3;r*j"M = 3 Vx^~ V, since ^* = z^, Ans. 

' {b) (See Art. 565.) ^^"'** + ^^ + (^^^ - '0"' -'^7^ = 

— , 1 , 1 __ a^ ^^g 

a c^ (a-]- b) in — n b ' 

{c) \/x* = x^. Ans. \/,r~* = A'-K Ans. 

{l^'b^y = {b^x^y = b'^x^. Ans. 

(250) (a) ^^^^±:^^-^ = ^^^^ 

^ ' ^ ' a — X a — X a — X x 

(Art. 549.) 
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'jla -\- X 

Canceling common factors, the result is -5— j — ^. Ans. 

a -J- CLX — |- X 

a ^ x) a* ^ X* {a^ -]- ax + x^ 
a' - a'x 



d*x — X* 
a^x — ax^ 



ax^ — x^ 
ax* — x"" 



(b) Inverting the divisor and factoring, we have 
dn{2m'n - 1) {2m*n + 1) {2 m'n - 1) 



{2m' n - 1) {2m' n - 1) dn 

Canceling common factors, the result is 2m'n + 1- Ans. 

(^) ^ + p-^T^' -^ (3 + yZT}) simplified gives 
9^-' - 4 r" . 'dx + 2/ 



a-' — y ' X — y 



Inverting: the divisor, we have — 5 7- X tt — r^- Can- 

^ ' jr'' — J' 3;r + 2y 

^Y 2v 

celing common factors, the result is * ' . Ans. 

(25 1 ) {a) 2x' + 2x' + 2x - 2 

X -I 



(^) 



2x* 


+ 2x' - 
- 2x' 


■f 2^:'' - 
- 2;r' - 


2x 

■2;r+2 




2x* 

x' 
2x 


— ^ax 
+ ^ 


+ c 


4;r + 2. 
4^'x + 


Ans. 


2x' 




' + 2cx 


ac 



2.1'" — 7rt!.r'' 4- 2cx — \a'x + ac. Ans. 
(^) - rt'+ 3^''/^- 2b^ 
ha' -\- ^ab 

- 5a' + Ua*b - \Oa:'b' 

- ^a'b + 2ta^b' - l\iab' 

- S^"* + ^a'b - lOa'b' + 27^'*' - l^ab' 
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Arranging the terms according to the decreasing powers 
of a, we have 

- oa' + C)a*d + 27a'6' - lOa'd' - lSad\ Ans. 

(252) (a) — h^^-- If the denominator of the 

^ ^ ^ ^ X — y y — X 

second fraction were written x —y, instead of y — ,r, then 

X — y would be the common denominator. 

By Art. 531, the signs of the denominator and the sign 

before the fraction may be changed, giving — '- -, 

We now have 



X — y X — y X — y x — y 



x^ X X 



(b) —^ -A — — — — — 7—^ — . If we write the denomina- 

^'x^— \x-\-\\ — X 

tor of the third fraction x —\ instead of 1 -- ,r, x"" — 1 will 

then be the common denominator. 

By Art. 531, the signs of the denominator and the sign 

X 

before the fraction may be changed, thereby giving — '- — -. 

We now have 

.r" X X _ ^' -f ^ (x - 1) + X {x + 1) _ 



+ ^r-r-.+ 



x"" -1 ' x+l ' x-l x"" -1 

x^ -\-x^ - X + x'' + x :3a 



.3 



-3 I «- •> ,-a 

- » ~' Ans. 

1 x — 1 



, , ?»a - 4/; "la - /; + r , V^a — \c 
(0 — y- 3 + --12- 

when reduced to a common denominator zzz 

12(3^ - ^b) - 28(2^ - ^ + r) + 7(13^ - \c) 

Expanding the terms and removing the parentheses, we 

have 

36a — ^:%b - b^a + %%b - %%c + 91^ — 28^; 

8i • 
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Combining like terms in the numerator, we have as the 

result, 

71rt-20*-5G^ 



84 



. Ans. 



(253) (a) Factoring each expression (Art. 519), we 
have 

9x' + VWy + 4/' = (:U'' + 2/) {;6x^ + 2/) = C^x"" + 2y)^ 

Ans. 

(b) 40^* - 154^''^'' + 15J1^* = (7^' - 11^') (7^^' - 11*') = 
{la' - Uby. Ans. 

{(') Uxy + iyUy + 16 = 10 {'Zxj/ + ly. Ans. 

(254) (a) Arrange the dividend according to the 
decreasing powers of x and divide. Thus, 

3x-^l)9x' + dx' + ,r - 1 ( 'dx^ 4- 2;r + 1. Ans. 
9x' - 3;r' 



(JX' 


+ 


X 




{\x' 


— 


2x 








3a - 


-1 






;U' - 


- 1 



(b) a-b)a' - Zab' -\- b^ { a" -{- ab - b\ Ans. 

a' - a'b 



a'b 


lab'' 
ab' 







ab-' 
ab' 


+ b' 
+ b' 



{c) Arranging the terms of the dividend according to 
the decreasing powers of :i', we have 

7.r - 3 ) 7.r' - 24,r' + oH.r - 21 ( ;r'' - 3^ + 7. Ans. 



- 2Lr + 58x 
-21^'+ 9x 



49;r - 21 
49^ - 21 
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(255) See Arts. 435 and 436. 

(256) .{a) 

l + 2x = - -^ -^ — = f — ^ — . Ans. 

5x bx bx 

(Art. 555.) 
3^' + f ^ + ^ = 3,r - 1 + -i^. Ans. (Art. 554.) 

x-^^)Zx''-\- 2.r+l(3;r- 10+ *^^ 



3;ir^ + 12;ir '''+^ 

- 10-r + 1 

- 10;tr - 40 



41 

(257) The angle ^ = 90° - angle A = 90°- 65° 13' 29'= 
24° 46' 31^ Ans. 

The side B C = A B y. 'sXn A - h.h yA.y. sin 65° 13' 29^^ - 
5.5 yd. X .90796 = 4.9938 yd. (Art. 609.) 4.9938 yd.=: 
14 ft. llf in. Ans. 

Side A C= A B X cosA = 5.5 yd. X .41906 = 2.3048 yd. 
= 6 ft. 11 in., nearly. Ans. 

(258) (a) (x* - 1) -f- {x' +1) = {x' - 1) {x' + 1) - 
{x^ + 1) = ^' _ 1. Ans. (Art. 523.) 

(d) x*-2xy'+y = {x'-yy. (Art. 519.) {x'-f) = 
(x+y) (^- j). (Art. 523.) 

Then (x^'-yy = {x' - y^) {x-]-y) {x - y). Dividing this 
latter quantity by {x — y) we have {x^ — y^) (•^ + j)- Ans. 

Note that x — y is a factor of {x^ — y^y and hence of 
x' — )lxy*+y\ 

(259) (a) ^-^-l-^-^=io{x-l). 

Reducing the last member to a simpler form, the equation 

becomes 

10;r+3 Gx-7 



3 2 



= 10,r - 10. 



Clearing of fractions by multiplying each term of both 
members by 6, the common denominator, and changing the 
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sign uf each term of the numerator of the second fraction, 
since it is preceded by the minus sign, we have 

20x + H - 18;ir + 21 = 60x - 60. 

Transposing terms, 20x — ISx — QOx = — 60 — 21 — 6. 
Combining like terms, — 6Sx = — 87. 

Changing signs, 58;r = 87 ; 

hence, x = ^ = H. Ans. 

(b) {a' + xy = x' + W + a\ 

Performing the operation indicated in the first member, 
the equation becomes 

a* + 2a\r + x' = .r" + 4^' + a\ 

Canceling a* and x^ (Art. 576), 

Dividing by 2a\ x = 2. Ans. 

, , ,r - 1 jr + 1 3 

(^') ~ 



x-'Z x+2 x'-4: 

Clearing of fractions, the equation becomes 

{x - I) {x + 2) - (^ + 1) (;ir - 2) = 3. 
Expanding, x"* -\- x — 2 — x^ + x -^-2 = 3. 
Uniting terms, 2x = 3. 

;r = I = 1^. Ans. 



(260) 159° 27' 34.6' 

25° 16' 8.7' 
3° 48' 53. " 

188° 32' 36.3' 

(261) (a) x+y + s- (x _ j) - ( j + ^) _ ( -y) 
becomes x -(-/ -\- :: — x -{- y - j — ^ + j on the removal of 
the parentheses. (Art. 482.) 

Combining like terms, x — x +7 -\-y — y +y + s — jy = 2y. 

Ans. 

(d) (2,1- _ J/ + 4^) + ( - ^- - / - 4^:) - {dx - 2y - s) 
becomes 2x — y + 4s — x — y — 4:Z — dx -\- 2y + z on the 
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removal of the parentheses. (Arts. 482 and 483.) Com- 
bining like terms, 

2x — X — 3,r — y — y + 'ly + 4^ — 4cr + - = -^ — '^-i'- Ans. 

{c) a — [%a + (;^a — -^a)] — 6a — {ija — [{7n + i^a) — Oa] \ . 

In this expression we find aggregation marks of different 
shapes, thus, [, {, and j. In such cases look for the cor- 
responding part (whatever may intervene), and all that is 
included between the two parts of each aggregation mark 
must be treated as directed by the sign before it (Arts. 482 
and 483), no attention being given to any of the other 
aggregation marks. It is always best to begin with the 
innermost pair, and remove each pair of aggregation marks 
in order. First removing the parentheses, we have 

a — \%a + 3rtr - 4^] — ha — {6^ — \la + 8^: - 9^:] }. 

Removing the brackets, we have 

a — %i — '6a-\- ^a — ha — {^a — Tr? — 8^ + 9^^}. 

Removing the brace, we have 

a — %a — Za '\- ^:a — ha — ^a -\- 7a -\- "^a — 9a, 

Combining like terms, the result is — ha. Ans. 

(262) (a) - Imy ) 3hmy + 28;;/y - 14^;// 

— hm^ — Aifny + 2j'. Ans. 

(Art. 506.) 
{b) a' ) ^' - da'd - a'd' 

4 — 3^* — a^d\ Ans. 

(c) 4:X^ ) ^x' - Sx' + 12;r^ - 16;r^ 

x — 2x'' + Sx" — 4x\ Ans. 



(263) Let X = the length of the post. 



Then, 



5 
3x 



= the part in the earth. 



= the part in the water. 



From the conditions of the problem, we have therefore 
the following statement : 
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from which 7,r + 15,i* + 455 = 3oa'; 

- nx= -455; 
and X = 3o feet. Ans. 

(264) Let X = the whole quantity. 

'Ix 
Then, ^' -|- 10 = the quantity of niter. 



— 4 j = the quantity of sulphur. 



^ (7, + l^M — - = the quantity of charcoal. 

H^nce, x= ^^'+ ]()+ ^| _ 4^ + J (?^'+ lo) - 2. 

Clearinji^ of fractions and expanding terms, 

4->,r = 2Hx + 4*20 + 7x - 180 + 4;r + GO - 84. 

Transposing, 

42,r - 2S.r - 7x - 4x = 420 - 189 + GO - 84. 

;ir = 207. 
X = 09 lb., the quantity of gunpowder. 

Ans. 

2 r 2 X (59 

-' -f- 10 = " — -' -|- 10 =: oG lb., the quantity of niter. Ans. 

'; — 4- = ' — -4- = 7 lb., the quantity of sulphur. Ans. 

5G lb. X 1 — 2 lb. =: G lb., the quantity of charcoal. Aiis. 

(265) (^0 See Art. 568. The cube root of - 125 is 
— o. Dividing each of the exponents of the literal part by 3, 
the index of the root, the cube root of .r'jV is x^y^z^ = .rjV; 

hence, \/ — 1 2oa''j",g'" ■= — 5-rjV. Ans. 

{b) and {c) Proceed exactly as in {a), ^10,000 = ± 10 
and 4/^243 = 3 ; Va^W^'= a'^b^d = a'b'c\ and V^^^V"" = m'n\ 

Hence, 4/lO,OOOrtr'V7'V'' = ± V{\a'b'c\ Ans. 
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y%^w^^' = 'Sm'n\ Ans. 

{d) Dividing the exponent of each letter in both numera- 
tor and denominator by 5, the index of the root, 






Ans. 



(266) Using the proportion of Art. 61 69 

^ ^ : ^ C = sin 6' : sin A^ 
or 70 : 42 = sin C : sin 36° 10'. 

Hence, sin C = |f X sin 36° 10' = Jf X . 59014 = . 98357. 

The angle whose sine is .98357 is 79° 36'; hence, angle C = 
79° 36'. Ans. 

Angle B = 180° - (^ + C) = 180° - (36° 10' + 79° 36') = 
64° 14'. Ans. 

Using the proportion again, 

^ C : ^ C = sin ^ : sin ^ ; 
or ^ C : 42 ft. = sin 64° 14' : sin 36° 10' = .90057 : .59014. 

„ ... 42 ft. X .90057 ^, , .^ 1 A 

Hence, A C = tttttt-: = 64.1 ft. nearly. Ans. 

.59014 

(267) {a) See Art. 591. 

180° - 72° 11' 36^ = 107° 48' 24^ Ans. 
(*) See Art. 590. 
90° - 22° 34' 17"^ = 67° 25' 43^ Ans. 

(268) Angle B = 180" -(A + C) = 

180° - (57° 34.5' + 44° 22.5') = 78° 3'. Ans. 

^ C : ^ i? = sin i5 : sin C = sin 78° 3' : sin 44° 22.5' 
= .97833 : .69936. 

„ . ^ 344 ft. X .97833 .^. ^^ - . 
Hence, A C = = 481.22 ft. Ans. 

BC: A B= sin A : sin C= sin 57° 34.5' : sin 44° 22.5' 
= .8441 : .69936. 

Hence, ^(f=^^^y|^^^ = 415.19 ft. Ans. 



LOGARITHMS. 

(QUESTIONS 269-283.) 



(269) First raise ^ to the . 29078 power. Since ^ = 2, 

(200\ •'•"^® 
f^ \ ^2 •"»'«, and log 2 •"""' = . 29078 X log 2 = . 29078 X 

.30103 = .08753. Number corresponding = 1.2233. Then, 



_ /200\ ''''''" _ 

Viooj 



.39078 

= 1- 1.2233= - .2233. 



We now find the product required by adding the log- 
arithms of 351.36, 100, 24, and .2233, paying no attention to 
the negative sign of .2233 until the product is found. (Art. 

647.) 

Log 351.36 = 2.54575 

log 100 = 2 

log 24 = L 38021 

log .2233 = 1.34889 

.y«w = 5.27485 = 

[/200\ •"•»^®n 
1 - (j^j I 

Number corresponding = 188,300. 

The number is negative, since multiplying positive and 
negative signs gives negative; and the sign of .2233 is 
minus. Hence, 

;r=- 188,300. Ans. 

(270) (^) Log 2,376 = 3.37585. Ans. (See Arts. 625 
and 627.) 

(*) Log . 6413 = T. 80706. Ans. 
(c) Log .0002507 = 4.39915. Ans. 
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(271) (d) Apply rule. Art. 652. 

Log :55.4 = ^.87818 
log .(H>3'>4= 3.510 55 

difference = 5.36763 = logarithm of quotient. 

The mantissa is not found in the table. The next less 
mantissa is 36754. The difference between this and the 
next greater mantissa is 773 — 754 = 19, and the P. P. is 
763 — 754 = y. Looking in the P. P. section for the column 
headed 10, we find opposite 0.5, 5, the fifth figure of the 
number. The fourth figure is 1, and the first three figures 
233; hence, the figures of the number are 23315. Since the 
characteristic is 5, 755.4 -^ .(K)324 = 233,150. Ans. 

(b) Apply rule. Art. 652. 

Log .05555 = 2.74468 
log .0008601 = 4. 034 55 

difference — L81013 = logarithm of quotient. 

The number whose logarithm is 1.81013 equals 64.584. 

Hence, .05555 -^ .0008601 = 64.584. Ans. 

(r) Apply rule, Art. 652. 

Log 4.62 =_. 66464 
log .6448= 1.80943 

difference = .85521 = logarithm of quotient. 

Number whose logarithm = .85521 = 7.1648. 

Hence, 4. 62 -f- .6448 = 7.1648. Ans. 

/oTO^ ,, _ 238 X 1,0 00 

Log 238 = 2.37658 
log 1,000 = 3^ 

snm = 5.37658 = log (238 X 1,000). 

Log .0042 = 3.62 325 

.6 6 2 

12 4 6 5 
3 7 3 9 5 
3 7 3 5 
.411 46 6 50 or .41147. 
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.6602 
-3 



— 1.9 8 6 = characteristic. 



Adding, .41147 
- 1.9806 



2.43087 (See Art. 659.) 

Then, log P^^^^) = 5.37658 - 2.43087 = 0.04571 = 

6 94571 
.74 log x; whence, log x = — = 9.38609. Number 

whose logarithm = 9.38609 is 2,432,700,000 = x. Ans. 

(273) Log . 00743 = 3. 87099 

log .006 = 3.77815. 

V- 00743 = log .00743 ~ 5 (Art. 662), and •i/:006 = 
log .006-r-.6. Since these numbers are wholly decimal, 
we apply Art. 663. 

5 )3.87099 

1.5 7 4 1 9 = log V- 00743. 

The characteristic 3 will not contain 5. We then add 2 
to it, making 5. 5 is contained in 5, 1 times. Hence, the 
characteristic is 1. Adding the same number, 2, to the 
mantissa, we have 2.87099. 2.87099 -^ 5 = .57419. Hence, 

log V. 00743 = 1.57419. 

.6) 3. 77815 .6 is contained in 3, — 5 times. 

5. .6 is contained in .77815, 1.29691 times. 

1.29 691 



sum = -42 9691 = 'V.oM. 

Log |/. 00743 = T. 57411) 
log'V^OOO =4. 29691 

difference = 3.27728 = log of quotient. 

Number corresponding = 1,893.6. 
Hence, |/. 00743-7- ^/Tooe = 1,893.6. Ans. 



vu lm;arithms. 

iZlA) Aj>plT rule:. An. 647. 

log .•■■jr24 = 4.asa21 
log .:4*;^ = 1.87^86 
log 3ii2.1 = :!. 48015 
Irrg :.»Xj94=: .S8135 

sum = ^.85211 = 
log(l,7-i>>x JJ«J>«r24x.7-k;^x3i:»^.lx7.6094). Number whose 
logarithm is •2>5211 =711.40, the product. Ans. 



(275) Log 15.954= .77481 -=- 2 = .38741 
logi «1.19= 1.78668-^3 = .59556 

sum = .98297 



s -^ 



log \ 298.54 = 2.47500 -r- 5 = .49500. 
Then, 

^^E^^^L^V^l^ ^ log(v5:^54 X |/61:T9) - log V^^%Ji = 

i/298.54 
.98297 — .49500 = .48797 = logarithm of the required result. 
Number corresponding = 3.0759. Ans. 

(276) K0532864 = log .0532864 -^ 7. 

Log .0532864 = 2.72661. 
Adding 5 to characteristic 2 = 7. 

Adding 5 to mantissa = 5.72662. 

7-^7=1. 
5.72061 ^ 7 = .81809, nearly. 

Hence, log 4/. 0532864 =1.81809. 

Number corresponding to log 1.81809 = .65780. Ans. 

(277) {a) 32*-\ 1.50515 
Log 32 = 1.50515. 4^ 

12 412 
602060 

7.224720 

7.22472 is the logarithm of the required power. (Art. 

««7.) 

Number whose logarithm = 7.22472 is 16,777,000. 
1 \c\\K\\ \VV '' = 16,777,000. Ans. 
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{b) .W''\ 

Log .76 = 1.88081. 1 + .8 8081 

(See Arts. 658 and 659.) 3. 6 2 

176162 
528486 
264243 



3.1885322 
-3.6 2 



1.568 53 = log. 37028. 

Hence, . 76' •" = . 37028. Ans. 

{c) .84-='\_ 

Log. 84 =1.92428. 1 + .9 2 428 

.38 



739424 

2 7 7 2 8 4 

.3512264 
-.38 

1.9 7123 = log .93590. 

Hence, . 84 •" = . 93590. Ans. 



6/ ] */23 

(278) Log y —— — log y |r^ = logarithm of answer. 

Logj/^ = -Klog 1 - log 249) = \ (0-2.39620)= -.39937 
= (adding + 1 and - 1)1.60063. 

Log Vff = \ (log 23 - log 71) = \ (1.30173 - 1.85126) = 
|(- .48953) = - .097906 = (adding + 1 and - 1) 1.902094, 
or 1.90209 when using 5-place logarithms. 

Hence, 1.60063 - V. 90209 = 1.69854 = log .49950. 

Therefore, V^ -^ V^ = - 49950. Ans. 

(279) The mantissa is not found in the table. The next 
less mantissa is .81291 ; the difference between this and the 



VM) LOGARITHMS. 

next greater mantissa is 298 — 291 = 7, and the P. P. is 
.81293 - .81291 = 2. Looking in the P. P. section for the 
column headed 7, we find opposite 2.1, 3, the fifth figure of 
the number; the fourth figure is 0, and the first three 
figures, (JoO. Hence, the number whose logarithm is .81203 
is .<;5(M)3. Ans. 

2.524<;o = logarithm of 334.05. Ans. (See Art. 640.) 

1.27031 = logarithm of .18893. Ans. We choose 3 for 
the fifth figure because, in the proportional parts column 
headed 23, 0.9 is nearer 8 than 9.2. 

(280) The most expeditious way of solving this ex- 
ample is the following: 



/>v^'*^ =/>^7\^'*\ or 7\= y -^ = 2' y— . 



1.41/ 1347 
Substituting values given, 7\ = 1.495 y Ta~i9J' 

T 1 . i,.- I l^R 134.7 -log 10.421 ,^,^, , 
Log 7\ = log 1.490 H ^ TTi ~ .17404 + 

'^^^J_Z±ll^-^ = .X74(;4 _,. .,34s2i = .^2285 = log 6.6504; 
1 . 41 

whence, 7\ = 0.0504. Ans. 



/o^^x T //7.1895X 4,704.2' X 0.00326* , ri r, ,oaK 

(2«1) ^^^^^ .000489 X 45r X .576' =ii^-^^'^^'' 

+ 2 log 4,7r.4.2 + 5 log .00320 - (log .000489 + 3 log 457 + 

2 log .570)J = ^•^^^'^^T^-^^'^ - = 2.31777 = log .020780. 



Ans. 



Log 7.1895= .85070 
2 log 4,7(;4.2 = 2 X 3.07799 = 7.35598 
5 log .00320 = X 3.51322= 13.50610 

SNf//= 5.77878. 

Log .000489 = 4.68931 
3 log 457 = 3 X 2.05992 =^.97970 
2 log .570 = 2 X 1.70042 = 1.52084 

.yw;;/ = 4.18991. 



8.18 
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(282) Substituting the values given, 

8,000 /3y- 8000PV 

^~ ;^px2.25 ~ 2.25 

Log/ = log 8,000 + 2.18 log ^ - log 2.25 = 3.90309 + 
2.18 (log 3 - log 16) - .35218 = 3.55091 + 2.18 X (.47712 
- 1 . 20412) = 1 . 96605 = log 92. 480. Ans. 



t = ^Jj'^ 



(283) Solving for t. . , ^^^^^^. 
Substituting values given, 



44 

• '■■'/ ;g0x;^^x^ _''i/-n44 

1,000 

log .044 _ 2. 64345 _ -2. 18 + .82345 _ 
^^ 2.18 ~ 2.18 ~ 2.18 ~ 

T. 37773 = log .23863. Ans. 



"i: 



'4. 



,.'■.:.. 
I.;.:.. 
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(QUESTIONS 355-458.) 



(365) Use formulas 18 and 8. 

Time it would take the ball to fall to the ground = / = 

The space passed through by a body having a velocity of 
500 ft. per sec. in .58484 of a second = 5 = F/ = 500X 
.58484 = 292.42 ft. Ans. 

(356) Use formula 7. 

11 '—— = 55. 85 ft. per sec. Ans. 

oO 

(357) 160 -r- 60 X 7 = ^^ revolution in ^ sec. 360° X 

/dl • 7 

A = 137I = 137° 8' 34| . Ans. 

(358) {a) See Fig. 20. 36" =3'. 4 -r- 3 = ^ = number 

of revolutions of pulley to one revolution of fly-wheel. 

4 

54 X ^ = 72 revolutions of pulley and drum per min. 100 -^ 
o 

18 \ 

— X 3.1416 1 = 21.22 revolutions of drum to raise elevator 

21 22 

100 ft. -—- X 60 = 17.68 sec. to travel 100 ft. Ans. 

(*) 21.22 : 4: :: 30 : 60, or x = '^^-^^ X ^^ _ 4^.44 rev. 



( 
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per min. of drum. The diameter of the pulley divided by 




the diameter of the fly-wheel = —, which multiplied by 
43.44 = 31.83 revolutions per min. of fly-wheel. Ans. 

(359) See Arts. 857 and 8S9. 

(360) See Art. 861. 

(361) See Arts. 843 and 871. 

(362) See Art. 871. 

(363) See Arts. 842, 8S6, 887, etc. 

The relative weight of a body is found by comparing it 
with a given standard by means of the balance. The abso- 
lute weight is found by noting the pull which the body will 
exert on a spring balance. 

The absolute weight increases and decreases according to 
the laws of weight given in Art. 890 ; the relative weight is 
always the same. 

(364) See Art. 861. 

(365) See Art. 857. 
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(366) See Art. 857. 

(367) If the mountain is at the same height above, and 
the valley at the same depth below sea-level respectively, 
it will weigh more at the bottom of the valley. 

(368) ^J? = 6 miles. Using formula 12,d':R':: 
W : t£/,wehavew = — Ti- = — ^ ^ A/>^a = 19,939.53 + lb. 

a o,yoo 

= 19,939 lb. 8-oz. Ans. 

(369) Using formula 11, R : d :: W \ w, we have 
^ ^ ^^ 3.958 X 20,000 ^^ 3^3^ lb. = 19,989 lb. 14^ 

oz. Ans. 

(370) See Art. 870. 

(371) See Art. 894, 

(372) The velocity which a body may have at the in- 
stant the time begins to be reckoned. 

(373) Because the man after jumping tends to continue 
in motion with the same velocity as the train, and the sud- 
den stoppage by the earth causes a shock, the severity of 
which varies with the velocity of the train. 

(374) See Arts. 870 and 871. 

(375) See Art. 872. 

(376) That force which will produce the same final 
effect upon a body as all the other forces acting together is 
called the resultant. 

(377) {a) If a 5-in. line = 20 lb., a 1-in. line = 4 lb. 

1 ^ 4 = T in. = 1 lb. Ans. (*) 6^ -^ 4 = 1.5625 in. = 
4 4 

67- lb. Ans. 
4 

(378) Those forces by which a given force may be 
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replaced, and which will produce the same effect upon a 
body. 

(379) Southeast, in the direction of the diagonal of a 
Xast . square. See Fig. 21. 



(380) 4' 0^^ = 54'. 54x2xjx 

.261 = 21.141 lb. = weight of lever. 
Center of gravity of lever is in the 
middle, at a, Fig. 22, 21" from each 
end. Consider that the lever has no 
weight. The center of gravity of 
the two weights is at ^, at a dis- 

47 X 54 




Pig. 21. 
tance from r equal to 

Art. 911. 



47 + 71 



= 21. 508'' = dc. Formula 20, 




Pig. 22. 

Consider both weights as concentrated at d, that is, 

imagine both weights removed and replaced by the dotted 

weight W, equal to 71 + 47 = 118 lb. Consider the weight 

of the bar as concentrated at ^, that is, as if replaced by 

a weight w = 21.141 lb. Then, the distance of the balancing 

. /. - - 21.141 X 5.492 ooeff 

pomt/, from e, or/r, = 21 141 + 118 "^ ' ^^^^^ ^^ " 

27- 21.508 = 5.492^ Finally, /e+ek=//i = .835 + 21.508 
= 22.343" = the short arm. Ans. 54 - 22.343 = 31.657' = 
long arm. Ans. 
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(381) See Fig. 23. 
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(382) See Fig. 24. 




TSUk 




Fig. 24. 



(383) 46-27 = 19 lb., acting in the direction of the 
force of 46 lb. Ans. 
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(384) («) 18 X eo X 60 = 64,800 miles per hour Ans. 
(*) 04,800 X S4 = 1,655,200 miles. Ans. 
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(385) {a) 15 miles per hour = ^"l^^ ^v!?^ = 22 ft. per 

sec. As the other body is moving 11 ft. per sec, the 

distance between the two bodies in one second will be 

22 + 11 = 33 ft., and in 8 minutes the distance between 

them will be 33 X 60 X 8 = 15,840 ft., which, divided by the 

15 840 
number of feet in one mile, gives ^ * _ , = 3 miles. Ans. 

5,/c80 

(b) As the distance between the two bodies increases 
33 ft. per sec, then, 825 divided by 33 must be the time 

required for the bodies to be 825 ft. apart, or -— - = 25 
sec Ans. 

(386) See Fig. 25. 

(387) (a) Although not so stated, the velocity is 
evidently considered with reference to a point on the shore. 
10 — 4 = 6 miles an hour. Ans. 

{d) 10 + 4 = 14 miles an hour. Ans. 

(c) 10 — 4 + 3 = 9,andl0 + 4+3 = 17milesanhour. Ans. 

(388) See Pig. 26. 




Fig. 26. 
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(398) 1 hour = (iO min., 1 day = 24 hours; hence, 1 

S 
day = (»() X 24 = 1,440 min. Using formula 7, F= -; 

. ,r H,(K)OX 3.1416 .r, AKO I -1 • A 

whence, I = 7—m = 17.453 + miles per mm. Ans. 

1,440 

(399) (n) Use formula 25. 

Kmetic energy ='-jjr = 2X 32.16 = 21, 863, 339. o5 

ft. -lb. Ans. 

(/;) ^^--^ '^;;j;|'^-^^ =10,931.67 ft.-tons. Ans. 

(r) See Art. 961. 

vStriking force X ~ = 21,863,339.55 ft. -lb., 

1 <i 

or striking force = ^^^^^^'^^'^^ = 43,726,679 lb. Ans. 

(4(M)) Using formula 18, t = i/^ = i/lK^ = 

^ g ^ 32.16 

3.52(173 sec, when^'-= 32.16. 

/ = 1 /:LXJ^^.^^ = 4.47214 sec, when ^= 20. 
^ 20 

4.47214 - 3.52673 = 0.94541 sec Ans. 

(401) vSecArt. 910, 

(402) See Art. 963, 

(4()3) {a) See Art. 962. 

„ /// W 800 ^ r^ W 500 

'^^,r-=-' ^' = 1-7^^- Hence, i? = — = 



/' g7' 1,728* ' gv 32.16XiWj 

33.582. Ans. {b) In Art. 962, the density of water was 

found to be 1.941. {c) In Art. 963, it is stated that the 

specific gravity of a body is the ratio of its density to the 

33 582 
density of water. Hence, ' = 17.3 = specific gravity. 

If the weight of water be taken as 62.5 lb. per cu. ft., the 
.specific gravity will be found to be 17.28. Ans. 

(404) Assuming that it started from a state of rest, 
formula 13 gives ^' = ^ / = 32.16 x 5 = 160.8 ft. per sec 
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(405) Use formulas 17 and 13. A = ^ g t' = 

?^ xy = 144.72 ft., distance fallen at the end of third 

second. 

v = gt= 32.16 X 3 = 96.48 ft. per sec, velocity at end of 
third second. 

96.48 X 6 = 578.88 ft., distance fallen during the remain- 
ing 6 seconds. 

144.72 + 578.88 = 723.6 ft. = total distance. Ans. 

(406) See Art. 961. 

Striking force X r^ = 8 X 8 = 64. Therefore, striking 

64 
force = — = 1,536 tons. Ans. 

12 

(407) See Arts. 901 and 902. 

(408) Use formula 1 9. 

Centrifugal force = tension of string = .00034 WRN^ = 

.00034 X (.5236 X 4' X .261) x ^ X 60' = 13.38 + lb. Ans. 

(409) (80''- 70^^) X .7854 X 26 X .261 X i = 3, 997. 2933 lb., 
weight of one-half the fly-wheel rim. Inside radius = 

— ^ = 35 in., or f| = 2}4 ft. 

According to formula 19, -F= .00034 W R N"" = 
.00034 X =U1.7.^33 X 35 X 175' ^ ..^^ 3^^^ ,^ ^^^ 

(41 0) {a) Use formulas 1 1 and 12. R : d :: IV : zu, or 

,,, icR 1x4,000 .^^.. , 

H = — .- = -—: = 40 lb. Ans. 

a 100 

4 OOO" V 40 
{b) cP : R' ::IV: zc, or zu = 7,^^, = 38.072 lb. Ans. 

4,100 

(411) See Art. 955. 

10.746 X 3 54 _ 

10X33,000 -"•'^~^''"- ^- '^"^- 
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(412) Use formula 1 2. 

(/• : /e« :: H^ : 7i', or ^= >/ii^^KI = i3,064 mi., nearly. 

13,064 — 4,000 = 9,064 miles. Ans. 

(413) Use formula 18. / = V^ = /||^ = 
1.7634 sec, nearly. 

1.7634 X 140 = 246.876 ft. Ans. 

(414) .37; = o sec. Use formula 17. 

h = \ge = ^, X 32.16 X C^V = l-'^^l ^t. = 1 ft. 9.44 in. 

^ ' Ans. 




^ 



aeai0^'l€n. 






Fig. 29. 



(415) See Arts. 906, 907. 

(416) See Arts. 908, 909. 
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(417) No. It can only be counteracted by another 
equal couple which tends to revolve the body in an opposite 
direction. 

(418) See Art. 914. 

(419) Draw the quadrilateral as shown in Fig. 29. 
Divide it into two triangles by the diagonal B D. The 
center of gravity of the triangle B C D is found to be at a, 
and the center of gravity of the triangle A B D is found to 
be at b (Art. 914). Join a and b by the line a b, which, on 
being measured, is found to have a length of 4. 27 inches. 
From C and A drop the perpendiculars C F and A G on the 

diagonal B D. Then, area of the triangle ABD=-{AGx 

B D), and area of the triangle B C D=\{C FxB D). 

Measuring these distances, B D — \V\ C F=r}.l\ and 

A G= i.r. 

Aresi A BD=:\ X 7.7 X 11 = 42.35 sq. in. 
Area BCI)= |- X 5.1 X 11 = 28.05 sq. in. 



According to formula 20, the distance of (9, the center of 

Therefore, the cen- 



., - , . 28.05 X 4.27 , ^ 
gravity, from b is . — = 1.7 



28. 05 + 42. 35 
ter of gravity is on the line ^ ^ at a distance of 1.7^ from b. 



(420) See Fig. 30. The 
center of gravity lies at the 
geometrical center of the penta- 
gon, which may be found as 
follows: From any vertex draw 
a line to the middle point of the 
opposite side. Repeat the 
operation for any other vertex, 
and the intersection of the two 
lines will be the desired center 
of gravity. 




Fig. 30. 
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(421) See Fig. 31. Since any number of quadrilaterals 
can be drawn with the sides given, any number of answers 
can be obtained. 

Draw a quadrilateral, the lengths of whose sides are equal 
to the distances between the weights, and locate a weight on 
each corner. Apply formula 20 to find the distance C^ W^ ; 



thus, C-.fK. = 1^=5.4'. 



Measure the distance C, W^\ 




Fig. 31. 

suppose it equals say 3(5^. Apply the formula again. 
15 X 3G 



C. C = 



15 + (9 + 21) 



= 12*. Measure C\W^\ it equals say 



17X31.7 



31.7'. 

Apply the formula again. C^C ^ -^ ^^^^^ ^^^ 

C is center of gravity of the combination. 



= 8.7'. 



(422) Let A B C D E, Fig. 32, be the outline, the 
right-angled triangle cut-off being E S D, Divide the 
figure into two parts by the line m ;/, which is so drawn 
that it cuts off an isosceles right-angled triangle m B n, 
equal in area to E S Z>, from the opposite corner of the 
square. 
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The center of gravity of yi ;//;/ CZ^jE is then at C, , its 

geometrical center. Bm = 4: in. ; angle Bmr= 45° ; there- 

A ^ m B 





Scale 3=1 ft. 



i^-: 

Fig. 3*2. 

fore, /) r = B m x sin B inr — \y^ . 707 = 2. 828 in. C, , the 

2 

center of gravity of Bnin^ lies on />V, and BC^ = -Br 

o 

:^ I X 2.828 = 1.885 in. B C\ = A B X sin B A C\ = U X 

sin 45° = 14 X .707 = 0.898 in. T, C\ = BC^- B C\ = U.>^UH 
— 1.885 = 8.01:] in. 

Area A B CDE= 14^ - ^4"^ = 188 sq. in. Area m B n 

2 

^ IXi ^ ^ g^. ii^ Area /^ ;// nCDE= 188 - 8 = 180 
2 ^ 

sq. in. 

The center of gravity of the combined area lies at C, at 



^- «u 






-ii5 . T --^i - -^=: T-isr .- 5 -r J. Fzz: ^.. From 
i:~-^ "-It -:i.: _i _-^ Jn-i 'rtir "t^ttr :•: rTATrrr :f the 



/ 
/ 



r-* 



/ 



/ 



/ 



/ - 






Horizontal G 



Fig. 33. 

/'•' t;»/*^I't, which is at C',, and that of the triangle, which is 
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at C,. Connect these centers of gravity by the straight line 
C^ C^ and find the common center of gravity of the body by 
the rule to be at C, Having found this center, draw the 
line of direction C G. If this line falls within the base, the 
body will stand, and if it falls without, it will fall. 

(426) {a) 5 ft. 6 in. = 66^ 66 H- 6 = 11 = velocity 
ratio. Ans. 

{b) 5 X 11 = 55 lb. Ans. 

(427) 55 X A^^ = 35.75 lb. Ans. 

(428) Apply formula 20. 5 ft. = 60^ f^^^^ ^^^ = 

loO -f- ob 

9.7674 in., nearly, = distance from the large weight. Ans. 

(429) {a) 1,000 -f- 50 = 20, velocity ratio. Ans. See 
Art. 945. {b) 10 fixed and 10 movable. Ans. {c) 50 — 95 
= 52.63^. Ans. 

(430) PX circumference = W X -^, or GO X 40 x 3.1410 

o 

= "^x|> ^^ ^'^= 60 X 40 X 3.141G X 8 = 00,318.72 lb. Since 

the efficiency of combination is 40^, the tension on the stud 
would be .40 X 60,318.72 = 24,127.488 lb. Ans. 

(431) {a) 4/20M^=20.GlG ft. = length of inclined 
plane. 

PX length of plane = JV X height, or P x 20.G1G = 

1,580 X 5. 

1 580 X 5 
P= \.^ p. ,. = 383.2 lb. Ans. (/?) In the second case, 

f^ X length of base = W X height, or P x 20 = 1,5S0 X 5; 

hence, P= ^'^^i^^ ^ = 395 lb. Ans. 

(432) lVx2 = i2xG, or JV= ^^^ = 120 lb. 

126 + 42 = 168 lb. 168 X 1 = IV X 12, or IV ;=: i^ = 14 lb. 

12 

Ans. 
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14 X -il X 19 



«f^ 1 T-| 



=^^ 



(434) See Fig. ;15. ((f) -.ir, x ll X li X io - -i x : 
;) X II'. or 

ir= -" X "" '•' X -" 

5 X 3i X :! 



^ -2,4(M) lb. Ans. 
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(b) 2,400 -T- 35 = r,S I = velocity ratio. Ans. 

(c) 1,932 — 2,400 = .805 = 80.5^. Ans. 

(435) In Fig. 30, let the 12-lb. weight be placed at ./, 
the 18-lb. weight at />', and the 15-lb. weight at D. 
Use formula 20. 



12 X 15 
38 + 12 



'- = (}"= distance T, /> = distance of center of 




gravity of the 12 and 18-lb. weights from B. Drawing C\ D^ 

^S—i ^ix |^x\ ^5 = ^^x^- Measuring the distances 

of C from BD, DA, and A B, it is found that Ca = 3.45", 
Cd = 5.25", and Cd= 4.4". Ans. 

(436) (^) Potential energy equals the work which the 
body would do in falling to the ground = 500 x 75 = 
37, 500 ft. -lb. Ans. 
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{d) Using formula 18, / = f^ = V'^^^^ = '^-l^'-^^ 
sec. = .035995 min., the time of falling. 

--; — - = 31.57 H. P. Ans. 

33,000 X .035995 

(437) 1*27 -7- 02.5 = 2.032 = specific gravity. Ans. 



(438) 



(»2.5 
1,728 



X 9.823 = .35529 lb. Ans. 



(439) Use formula 21 






2X00X6.5 ,, ,r.^c^^^. A^ o' Kv / 

or — P- — ;7^ X .48 = 499.2 lb. Ans. See h^xN— ^ 

D. 5 — D. it) Ij^^-— ^W 

Fig. 37. 



(440) See Art. 961. 

/Tv /^ io\- ^^^^^'_ 1-5 X 25' 
^\S • V~ '^A^ ~'^X 32.1G' 
1.5 X 25' 



or 



F= \^ '^\-^r = 400.42 lb. Ans. 






12 



(441 ) (^) 2,000 -h 4 = 500 = wt. of cu. 
ft. 500 -^02.5 = 8 = specific gravity. Ans. 

(l^) t4^=. 28935 lb. Ans. 




1,728 



Fig. 37. 




(442) See Fig. 38. 14.5 X 2 
= 29. 30X 29= Wx 5, or W= 

30 X 29 ^ 1^ 4 1-1 A 
z = 174 lb. Ans. 

(443) 75 X .21 = 15.75 lb. 

Ans. 



Fig. 88. 

(444) (a) 900 X 150 = 135,000 ft. -lb. Ans. 

135,000 



15 



= 9,000 ft. -lb. per min. Ans. 



.r. 9,000 3 T^ ^ . 

(*)33;ooo = ri^-^- ^^^- 
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(445) 000 X .18 X 2 = 324 lb. = force required to over- 
come the friction. 900 + 324 = 1,224 lb. = total force. 

1>^^^^ X l^Q - 37001 H P Ans 
15X33,000 ""^^^•^^^•^' ^"^• 

(446) 18 -^ 88 = .2045. Ans. 

(447) See Art. 962. D =. f=: ^l^ = n.m. 

•^ ^ Ans. 

(448) See Fig. 30. 12r) 

— 47.5 = 77.5 lb. = down- 
ward pressure. 

77.5 -r- 4 =19.375 lb. 
= pressure on each support. 

Ans. 

(449) See Fig. 40. 




Fig. 89. 




Fig. 40. 



(450) See Fig. 41. 4.5 -t- 2 = 2.25. 

12 



2.25 



X 6 X 30 = 960 lb. Ans. 



(451) {a) 960 -^ 30 = 32. Ans. 

{b) 790 -^ 960 = . 8229 = 82. 29^. Ans. 



lr,() 
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(452) (m) See Fijr. 42. 475 + (475 x .24) = 589 lb. 

Anj 
(b) 475 ~ 589 = . 80G4 = 80. 04^. Ans. 





Fig. 41. 



Pig. 42. 



(453) {a) By formula 23, C/ = /^5 = 6 X 25 = 15 

foot-pounds. Ans. 

(^) 4 ««^- = i- = '^ ™>"- 

/r^' 150 
Using formula 24, Power = -^ = _ _ = 3,600 ft. -lb. pe 

min. Ans. * 



PNEUMATICS. 

(QUESTIONS 504-553.) 



(504) The force with which a confined gas presses 
against the walls of the vessel which contains it. 

(505) {a) 4 X 12 X .49 = 23.52 lb. per sq. in. Ans. 
(b) 23.52 -7- 14.7 = 1.6 atmospheres. Ans. 

(506) (a) A column of water 1 foot high exerts a pres- 
sure of .434 lb. per sq. in. Hence, .434 X 19 = 8.246 lb. per 
sq. in., the required tension. A column of mercury 1 in. high 
exerts a pressure of .49 lb. per sq. in. Hence, 8.246 -7- .49 = 
16.828 in. = height of the mercury column. Ans. 

(b) Pressure above the mercury = 14.7 — 8.246 = 6.454 
lb. per sq. in. Ans. 

(507) Using formula 53, A=^^= ^'''' Ip ^ ' = 
17.64 1b. Ans. 

(508) (c) Using formula 61, 

J. .37052 WT .37052 X 7.14 X 535 _, ^^^ -^ . 
V= J = ^^^ = 64.188 cu. ft. Ans. 

(r= 460° + 75° =535°, and/ = 14.7 X 1.5 = 22.05 lb. 
per sq. in.) 

{a) 7.14 -i- .08 = 89.25 cu. ft., the original volume. Ans. 

{b) If 1 cu. ft. weighs .08 lb., 1 lb. contains 1 ~ .08 = 
12.5 cu. ft. Hence, using formula 60, /> V= .37052 T, or 

283.887°. Ans. 
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(509) Substituting in formula 59, / = 40, / = 120, and 



= ^.517 lb. Ans. 



58<J 

(510) Usinjr formula 61,/ r= .3T052 W T, or 

"'=:37W- ^=•^«o° + 6o^ = 5•2o^ 

Therefore, IK=. ^^j^^,^^ ^ \^^ = .076296 lb. Ans. 

(511) 175,0(X) -^ 144 = pounds per sq. in. 

(175,000 -T^ 144) -r- 14.7 = 82.672 = atmospheres. 

Ans. 

(512) Extending formula 63 to include 3 gases, we have 

P ^ = p,v^+p^v^+p^v^, or40xP= 1 X12+ 2x10 + 3x8. 

50 
Hence, P= — = 1.4 atmos. = 1.4 X 14.7 = 20.58 lb. per 

40 ^ 

sq. in. Ans. 

(513) In the last example, /'F=56. In the present 

case, P= --:■--- atmos. Therefore, F= -^ = — — - = 35.79 
14.7 -P 23 

<Hi. ft. Ans. 14 



. 4 



(514) For / = 280^ r=740°; for/ = 77^ r=537° 
fi V= .37052 WT, or VV=-^^j., (Formula 61.) 

w • u^ fu ^ ' 14.7X10,000 ^o^^oiu 
Weight of hot air = 3^^^^ ^ ^^^ = 536.13 lb. 

Weight of air displaced = ^^^^^^ ^^^^^^ = 738.81 lb. 

738.81 - 53G.13 = 202.68. 202.68 - 100 = 102.68 lb. Ans, 

(515) According to formula 64, 
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Therefore, 7"= —————— - = 439.35°. Since this is less 

1.411168 

than 460°, the temperature is 460 — 439.35 = 20.65° below 

zero, or — 20.65°. Ans. 

(516) A hollow space from which all air or other gas 
(or gaseous vapor) has been removed. An example would 
be the space above the mercury in a barometer. 

(517) One inch of mercury corresponds to a pressure of 

.49 lb. per sq. in. 

1 49 

— inch of mercury corresponds to a pressure of '-— lb. per 

49 
sq. in. '-rri X 144 = 1.764 lb. per sq. ft. Ans. 
40 

(518) (a) 325 X .14 = 45.5 lb. = force necessary to 
overcome the friction. 6 X 12 = 72'' = length of cylinder. 
72 — 40 = 32 = distance which the piston must move. Since 
the area of the cylinder remains the same, any variation in 
the volume will be proportional to the variation in the 
length between the head and piston. By formula 53, 

HAu r ^ A^i 14.7X40 ^^2 ., 
fiv=p, v^. Therefore, fi = ^-^—^ = -r = 8.1- lb. per 

sq. in. = pressure when piston is at the end of the cylinder. 

Since there is the atmospheric pressure of 14.7 lb. on one 

2 
side of the piston and only 8.1 -lb. on the other side, the 

6 

2 

force required to pull it out of the cylinder is 14.7 — 8.1- = 

6. 5- lb. per sq. in. Area of piston = 40* X .7854 = 1,256.64 
o 

sq. in. Total force = 1,256.64 X 6.5- = 8,210.05. Adding 

o 

the friction, 8,210.05 + 45.5 = 8,255.55 lb. Ans. 

{b) Proceeding likewise in the second case, pv =.p^ z\, or 

/> V 14 7 V 40 
/ =^^-2-^ = , = 98 lb. 08 - 14.7 = 83.3 lb. per sq. in. 

1,256.64 X 83.3 + 45.5 ^ 104,723.612 lb. Ans. 



V 
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(519) 8.47 = original volume = z/,. 8.47-4.5 = 3.97 
cu. ft. = new volume = v. By formula 53, 

^ pv 3.97X38 ,^oi.^iu • A 

/. =^— = — -pr-Tz — = 17.812 lb. per sq. m. Ans. 
^i 7/j 8.47 f ^ 

(520) Original weight = H^= .5 lb. = 8 oz. ; new weight 
= /Fj = 1 lb. G oz. = 22 oz. According to formula 56, 

/fF.=APF, or/. = ^ = i^^^^ = 40.425 lb. per 
sq. in. Ans. 

(521) Applying formula 58, 
/4G0 + / \ 4, 516 / 460 + 80 \ , ^^ -, . 

= " (igoTt) = 1:728 (iGOWo) = ^'^' ^^- ^^- ^^^• 

(522) According to formula 61,/ F = . 37052 W 7, or 
jr;_ pv _ 1^-7 X 1.25 X 55 _,. . 

^ "" . 37052 r ~ . 37052 X 548 ^ *' ^ ^ ^ ^^- ^'^^' 

(523) Using formula 63, P V = pv+p^ v^, or Px 7.5 
= 14.7 X 2 X 7.5 + 40 X 7.5, or P= 69.4 lb. per sq. in. Ans. 

(524) 48^ 36^ and 2V = 4', 3', and 2', respectively. 
Hence, 4 X 3 X 2 = 24 cu. ft. = the volume of the block. 
The block will weigh as much more in a vacuum as the 
weight of the air it displaces. In example 510, it was found 
that 1 cu. ft. of air at a temperature of 60° weighed 
.076296 lb. .076296 X 24 + 1,200 = 1,201.83 lb. Ans. 

(525) {a) (See Art. 1088.) 127 + 16 = 143. 

{^^y X .7854 X 1 X 125 X 62.5 X 143 ,, ^^^_ ^ ^ 
33:000 =14.9563 H.P. 

14. 9563 -T- . 75 = 19. 942 H. P. Ans. 
{b) Discharge in gallons per hour = volume of cylinder 
in cu. ft. X number of strokes per minute X 7.48 X 60 = 

ivz) ^ *^^^^ ^ ^^^^ X 7.48 X 60 = 24,784.3 gal. per hr. Ans. 

(526) In this example, the number of times that the 

pump delivers water in 1 minute is 100 -7- 2 = 50; in the last 

example, 125. Hence, the number of gallons discharged 

50 
per hour in this case will be 24,786 X r^^ = 9,914.4 gal. Ans. 
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(527) See Art. 1043. 

3Q 23 

Pressure in condenser = — — — x 14.7 = 3.43 lb. per sq. 

in. Ans. 

(528) 144 X 14.7 = 2,116.8 lb. per sq. ft. Ans. 

(529) .27 -f- 3 = .09 = weight of 1 cu. ft. Using formula 
56, 

/ W^ =/, W, or 30 W^, = 65 X .09. W^ = .195 lb. Ans. 

(530) Using formula 61 , 

/ F= .37052 W T, or 30X1 = .37052 X .09 X T. 

30 
. Ot\)0/i X • 09 

(531 ) 460°+ 32° = 492° ; 460°+ 212° = 672° ; 460°+62° 
= 522°, and 460° + ( - 40°) = 420°. 

(532) Using formula 61,/ F=. 37052 IV T, and 
substituting, 

(14.7X10) X 4 =. 37052X3.5 X r, or T=^^^^^^^ = 

453.417°. 453.417 - 460° = - 6.583°. Ans. 

(533) Using formula 63, V P=v/> + v^/}^, we find 

/CO 

(534) Using formula 60, / F = .37052 T, or P =-'. 
•^^«^^X^i? = 20lb.persq. in., nearly. Ans. 



10 

(535) One inch of mercury represents a pressure of 
.49 lb. Therefore, the height of the mercury column is 
12.5 -^ .49 = 25.51 in. Ans. 

(536) Thirty inches of mercury corresponds to 34 ft. 
of water. (See Art. 1043.) Therefore, 

30*^ : 34 ft. :: 27"^ : x ft., or x = 30.0 ft. Ans. 

A more accurate way is (27 X .49) -v- .434 = 30.5 ft. 
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(537) (a) 30 — 17.5 = 12.5 in. = original tension of gas 
in inches of mercury. 30 — 5 = 25 in. = new tension in 
inches of mercury. 

FP=t;/+z/,/^ (formula 63), or 6.7x25=6.7xl2.5+z;,X30. 

6.7X 25--G.7X 12.5 ^^^1 -^ . 

t\ = :rz: = 2.79 - cu. ft. Ans. 

(d) To produce a vacuum of inches, 

G. 7 X 30 - 6.7 X 12.5 ^ .^^ -^ . 

V, = — = 3. 908 cu. ft. Ans. 

* 30 

(538) 11 + 25 = 36, final volume of gas. 2.4 -^ 36 = 
7^ lb. Ans. 

10 

(539) Using formula 59, 

,/460 + /A ,,, /460 + 300\ ^r, ^a ^u 

^> =^(46oT7) = '' ^ ( 46oT6o) = ^^''^ ^^' P^^ '"^''l;^^ 

(540) r= 400 + 212 = 672°. Usingformula61,/ K=: 
.37052 IV T, we have 14.7 X 1 = .37052 X W^X 672, or IV= 

14.7 



.37052 X 672 



= .059039 lb. Ans. 



(541 ) (a) ^^'^'^i^^^^^^ = 5.8178 cu. ft. = volume 

l,7/4o 
of cylinder. 

32 — 26 = 6 in., length of stroke unfinished. 

5.8178 X .TT = 1.0908 cu. ft. Ans. 
32 

(l?) By formula 61 , taking the values of /, F, and T at 

the beginning of stroke, 

/. 7- .j^A^. TF/ -r Tj/ P^ 14.7X5.8178 

// =.37052 WT, or ^- ;3feT= ,3^052 X 535 =^ 

.43143 lb. Ans. 

(c) Now, substituting in formula 61 the values of F, 
f F, and T at time of discharge, 

^ .37052 JV T .37052 X .43143 X 585 ^, ^^^ ,^ 

J> = p = 0908 =^^-^^^ ^^' ^' 

sq. in, Ans. 
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(542) Using formula 63, VP-vp-\- vj^, or 30 X 35 

21 



= 19 X 12 + 21A, orA = ?5^i^^^^i^Ai^= 39.14 lb. per 



sq. in. Ans. 

(543) Use formula 64. PV=(^+^\t. 

r = 460 + 73 = 533. 



/ 13 X 45 , 17 X 60 \ „- 
._V~530~ + ~540~;/^ 



Therefore, P=-^ — '- =36.733 lb. per sq. 

m. Ans. 

(544) One inch corresponds to a pressure of .49 lb. 
Therefore, the gauge will show 4.5 -j-. 49 = 9.18 + in. 

See Art. 1043. 

(545) Sp. Gr. of alcohol =. 8. Therefore, 16 X. 434 X. 8= 

pressure exerted by the column of alcohol. '-j^ — = 

11.337 in. = height of a column of mercury that will give 
the same pressure as 16 ft. of alcohol = number of inches 
shown by the gauge. Ans. 

(546) {a) 14.7 + 9 = 23.7 lb. per sq. in. Using 
formula 53, 

_/z/_ 14.7x80 _ _ 

^~ />,~ 33.7 - *^-^^ '"• - 

distance between piston and end of stroke. Since the area 
of the piston remains constant, the volume at any point of 
the stroke is proportional to the distance passed over by the 
piston. Hence, we may use the latter for the former in the 
formula. 80 - 40.62 = :K).38 in. Ans. 

(^) Area of piston =: 80^ X .7854. The volume of air at 
point of discharge is 80' X .7854 X 49.62 cu. in. = 

80' X .7854X49.62 ... _ . . 

= 144.34 cu. ft. Ans. 

1,7/Co 

(547) Using formula 56,/ f^^,=A f^^, or 3.5x14.7x2= 

/, X 13; hence, /^ = — '- — ^ = 7.915 + lb. per sq. in. 

Ans. 
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(548) 00' — 50' = 10'. Since the volumes are proper 
tional to the lengths of the spaces between the piston and 
the end of the stroke, we may apply formula 62, 

/F^AZl. 14.7 X 60 ^ AX 10 
T r^' ^^ 460 + UO 460 + 130* 

n^u c J. 14.7X60X590 -,^^^^,, . . 

Therefore, /, = -— -— = 100. 07 lb. per sq. m. Ans. 

'^* 520 X 10 f ^ 

(549) T = 127° + 460'^ = 587°. Using formula 60, 
pV= .37052 r, or r= '^^^^^^X 587 ^ ^^^^ ^^ ^^ ^^^ 

(550) T = 100° + 460° = 560°. 
Substituting in formula 61,/ V= .37052 W T, or 

j^ ,37062 WT . 37052 X. 5 X 560 ^ ^^^ ^, . 

K = = TT^TTTr = 3. 735 cu. ft. Ans. 

/ 4,000 

144 

(551) Use formula 64. PV=(^+^\t, 

r= 110° + 460° = 570°; T^ = 100° + 460° = 560°; T^ = 
130° + 460° = 590°. 



/90X40 , 80X57\_^ 
l"^60-" + ^-590-r ^ 



Therefore, V= -^ ' = 67.248 cu. ft. 

Ans. 

(552) The pressure exerted by squeezing the bulb may 
be found from formula 53, in which / is 14.7, v, the orig- 
inal volume = 20 cu. in., and v^, the new volume, = 5 cu. in. 

^ pv 14.7X20 ro Q u rru A 4. ^i. 

A = - — = z = 58.8 lb. The pressure due to the 

atmosphere must be deducted, since there is an equal pres- 
sure on the outside which balances it. 58.8 — 14.7 =44.1 
lb. per sq. in. = pressure due to squeezing the bulb. 
3'X .7854= 7.0686sq. in. = area of bottom. 7-0686 X 44.1 = 
311.725 lb. 7.0686 X .434= 3.068 lb. = pressure due to 
weight of water. 311.725 + 3.068 = 314.793 lb. Ans. 

(553) Use formula 58. 
Z//460 + 



v,= 



/460 + /\ V460+115\ ,^ r. A 



HEAT. 

(QUESTIONS 554-618.) 

(554) 9 hr. 25 min. = 565 min. . 

55 -J- 2 = 27.5 min. = time it would take to heat 1 lb. of 
the substance to this temperature under the same conditions. 
27.5 -7- 565 = .04867 = specific heat of the substance. Ahs. 

(555) Increase in diameter = 4.001 — 3.9985 = .0025^ 
C, = .00000599, from Table 19. Hence, using formula 

1 0025 

«^' ' = rC, = 3.9985 X. 00000599 = ^^^'^^^ ^"^^^y* '^^"^' 
104.4 + 80 = 184.4°, nearly. Ans. 

(556) (a) Substituting in formula 72 W= 360, t^ — 
/ = 104.4, and s = .1165; 71= W {t^- t) s = 360 X 104.4 
X .1165 = 4,378.536 B. T. U. 

Since 12^ of the total heat is lost by radiation, the above 
number of B. T. U. must be the number remaining after 
subtracting the heat units lost by radiation from the total 
number; or it is 100 — 12 = 88^ of the total number. 
Hence, dividing by .88 we obtain 4,378.536 -r- .88 = 4,975.6 
B. T. U., total heat required. Ans. 

{d) 4,975.6 X 778 = 3,871,017 ft. -lb. Ans. 

(557) {a) 80' X .7854 = 5,026.56 sq. in. = area of 
piston. 

p V =i p^ v^. At the beginning of the stroke/ = 14.7, and 
the volume may be represented by the length of the cylinder, 
80 in. ; at the point of discharge /^ is 120, therefore, 80 X 14.7 
= 120 X ^, or z; = 9.8 in., the portion of the stroke uncom- 
pleted at discharge. 

^ — ^!——- — ^— = 28.507 cu. ft., volume of air discharged. 
1,728 ^ . 

' Ans. 
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(b) By formula 80, Z = 33 1 . 5744/ Flog ^ = 331. 5744 X 

120 
120 X 28.507 log ^ = 331.5744 X 120 X 28.507 X .91186 = 

1,034,289 ft. -lb. Ans. 

(558) {a) Volume of cylinder = area of piston x length 

- , , 5,026.56 80 ^^„ ^. ., , 

of stroke = , ,, — X tt; = 232.71 cu. ft., nearly, 

144 12 



From formula Sl^p.v,^'*' = A^i''"» or ^a = y-^^ — . 

Substituting for p, and v^ their values at the beginning 
of the stroke, and for/, its value at discharge, we have 



^ • V/14.7 X 232.71^" 
^ 120 

- . log 14.7 + 1.41 log 232.71 - log 120 
^og v^ = -^ j-|j ^ , or 

.16732 + 1.41 X 2.36682 - 2.07918 , ^^^,^ 
log v^ = ^ YJi = 1.72011. 

v^ = 52.494 cu. ft., the volume discharged. Ans, 
(d) To find the work, use formula 84, 

L = 351.36/ fTi - (^) n = 

351.36 X 14.7 X 232.71 X [l - (||^) H- 

Log (111^)'" = .41 (log 232.71 - log 52.494) = 

1.8414. 

1 — 1.8414 = — .8414, the minus sign indicating that the 
work done by the air is negative ; that is, that work is done 
upon the air instead of by it, or that the air is compressed. 

L = 351.36 X 14.7 X 232.71 X .8414 = 1,011,317 ft. -lb. 

Ans. 
(559) See Arts. 1090 and 11 35* 
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(560) Using formula 65, 

{a) //= f X 2,917 + 32 = 5,282.6° F. Ans. 

{d) /> = I X 637 + 32 = 1,178.6 F. Ans. 
(c) /^ = I X (- 260) + 32 = - 436° F. Ans. 

(561) See Table 21, Art. 1134, and Table 22, Art. 
1141. 

- 50 - ( -37.8) X 12 X .0333 = 4.875 = units of heat 
necessary to raise the temperature to the fusion point. 
5.09 X 12 = 61.08 B. T. U. required to melt the mercury. 
[662 - ( - 37.8) ] X .0333 X 12 = 279.64 B. T. U. required 
to raise the temperature to the point of vaporization. 
157 X 12 = 1,884 B. T. U. required for vaporizing it. 
4,875 + 61.08 + 279.64 + 1,884 = 2,229.595 B. T. U. Ans. 

(562) Using formula 71,/ F= IV R T, or 

„, pv 18 X 100 „^^^ ,, . 

^=fo-= 5.34946X540 = -''^^^^' ^^^- 

(563) See Tables 21 and 22 for specific heat and tem- 
perature of fusion of copper. 7 lb. 5 oz. = 7.3125 lb. 
2,100° - 78° = 2,022°. 2,022 X 7.3125 X .0951 = 1,406.13 
B. T. U. Ans. 

(6«4) B, fo™„,a 73, , = i*i^Ai!^i^^±|^ = 

2.25 X .0314X 40 +4 X 65 + 175 X .1298 X 62 __ o a 

2.25 X. 0314 + 4 + 1.75 X .1298 - ^4.4d . Ans. 

(565) Use formulas 69, 67, and 68. (a) v=VCj = 
4 X 4 X 20 X 1,200 X .00002058 = 7.903 cu. in. Ans. 

(d) I = LC^t = 20 X 1,200 X .00000686 = .16464 in. Ans. 

(c) a = ACj = 4:X 4:X 1,200 X .00001372 = .2634 sq. in. 

Ans. 

(566) Using formula 71, 

J, r/_- ppjP 7- oj. T—^—— — ^^ ^ ^^ = 1 167 45° 

pv ^WKl.or 1 - ^y^ -\{)x .38143 -^'^^^-^^ ' 

1,167.45° - 460° = 707.45°. Ans. 

(567) See Art. 1124. ^ 
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(568) By formula 73,/ = 



<lx.] 



(.0951)128- 



IX. IS 



1,2S3°. AnE. 



(569) Draw the lines A" and K (Fig. 46) perpen- 
dicular to each other. On O X take any convenient dis- 
tance, say i inch, to represent one unit of volume (1 cu. ft.), 
and on O K take a distance of say 3 inches to represent the 
required pressure of 84 pounds. Our scale of pressure is, 




Fio.*i, 

then, 28 pounds to the inch. The ordinates are now erected 
as shown in Art. 1 156. Thus, a,vA the volume is 1, and 
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the pressure 84 pounds; hence, / z^ = 84. But/ v •=^p^ v^ = 

84 84 

/, v^, etc.,= 84; hence, /, = — , /, = — , etc. When z^ = 1, 

84 ^^* ^^ 

■*■ 84 

When z;=2,/ = ^ = 42 = NB. 

84 
When z/= 3, / = ^ = 28 = ^^. 

o 

When z/ = 4, / = ^ = 21 = ZZ>. 

84 
When -z; = 5, / = ^ = 16.8 = K E. 



84 
When z;=6,/ = ^=14=C/^ 

b 

A curve through ^, ^, C, Z>, -£, and /^ will be the one 

required. 

(570) Divide the space Q G into 10 equal parts, as shown 
in the figure, and draw the ordinate at the middle of each 
space. The average ordinate will be found to be 29. 95 lb. The 
volume represented by the length ^ G is 5 cu. ft. Hence, 
the work is 29.95 X 5 X 144 = 21,564 foot-pounds. Ans. 

Calculating the work by formula 79,, 

V 
Z = 331.5744/ F log -p^; 

L = 331.5744 X 84 X 1 X logy = 21,673 ft. -lb. Ans. 

(571) {a) 460 -f 96 = 556° F. {b) 273^+32 = 305^° C. 
(c) 273i + 180 = 453^° C. {d) 460 + 650 = 1,110° F. {e) 
273J - 40 = 233J° C. 

(572) 32°- 20°= 12°. 12 X 7 X .504 = 42.336 B. T. U. 
required to heat the ice to 32°. 142. 65x7= 998. 55 B. T. U. 
required to melt the ice. 212°— 32°= 180°. 180 X 7x1 = 
1,260 B. T. U. required to heat the water to 212°. ' 
966.6X7 = 6,766.2 B. T. U. required to change 7 lb. of 
water at 212° into steam at 212°. 42.336 + 998.55 + 1,260 + 
6,766.2 = 9,067.086 B. T. U. 

9,067.086 X 778 



43 X 33,000 



= 4.971 horsepower. Ans. 



1 7« HEAT. 

ordinate is found to be .154; the length a c is 1.34; hence, 
area a c b = 1.3^X . 154 = .2004 sq. in. Dividing h ^ t into 
5 equal parts, the mean ordinate is found to be .82*'; the 
length // ^ is 1.07^ hence, area h g i- 1.07 X .82 = .8774 
sq. in. Dividing h i b c into 10 equal parts, the mean ordi- 
nate is found to be 1.925*^; its length h ^ = 3.21''; hence, 
area A / iJ r = 3.21 X 1.925 = 6.179 sq. in. 

1.G087 + 6.179 = 7.7877 sq in. = area h ibc defA h. 

.()i)52 + .068 + .2064 + .8774 = 1.247 sq. in. 

7.7877 — 1.247 = 6.5407 sq. in. = required area^/ b a efg, 

Ans. 

(576) Using formula 73, t = ^' tV '"^^''' ^V^riT' '' ^^ 

For water, ^, = 1; therefore, lV^t+{W^s^+W^s^) t— Wj^ 
+ ^^,-^,^+^^.•^3^, and 

Substituting the given values for fFand / and the values of 
.y,, ^3, etc., from Table 21, we have 

^ _ 4X .426X 80+.5 X .0939 X 73-75. 61(4X .426+. 5X .0939) 
'~~ 75.61-73 

7.35802 oonniu A 

= — 27— r— = 2.819 lb. Ans. 
Jd.bl 

(577) See Arts. 1138, 1139, 1131, 1132, and 
1152. 

/T^ox L- J^^' 120X1,200' , . ^. 

(578) ^= -27- = 2X32.16 = ^^^"'^" ^""^'^y ^^ 

foot-pounds. 

/c A . r^m^ X l^^O X 1,200' ^^ 1 . .. 
(See Art. 957.) ^ ,^ ' ^^ X .15 = kmetic energy ex- 

2 X o2. Id 

pended in heat. Now, dividing by 778 to reduce the foot- 
pounds to B.T.U,^^^^|l^^^^^ = 517. 975 B.T.U. Ans. 

(579) See Art. 1126. 

(580) Using formula 73, t = ^^^'^ ^^ +,^';; ^ 
(Since s^^ the specific heat of water, is 1, it may be left out.) 
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Transposing, 

__ J^,(/,-/) + J^,j,(/,-/) _ 1.875 (91-86)-fl.25x.0562x(91-86) _ 
^'" lV,{t-t,) ■" 5(86-40) ~ 

.0423. Ans. 

(See example, Art. 1137.) 

(581 ) T; = 460° + 450° = 910° ; 7, = 460° + 70° = 530°. 

^^ . T^-T^ 910-530 ,, -,_ , 
Efficiency = —^ — - = ^rrz: = 41. 76^. Ans. 

(582) Use formula 7 1 , / F = WR T. T= 460° + 200 
= 660°; and R, from Table 20, is 5.34946; therefore, W = 
pV _ 20 X 700 ___ 

^T - 5.34946 X 660 -^•^^^^^^- ^^'• 

(583) (See Arts. 1091 to 1098.) 

{a) C:R = 100: 80, or ^ = -^7? = ^R. 

^ ^ 80 4 

Hence, 44 X t = 55° C. Ans. 

4 

(b) F: R = 1S0: SO, or F=^R = ^R. 

Hence, 44 X r + 32 :±= 131° F. Ans. 

4 

(584) By formula 81,/, ^j'**' =A^a''*'- '^^^ volume 
of 1 lb. of air at atmospheric pressure, and having a tem- 
perature of 60°, is = 13.107 cu. ft. (See ques- 
tion 510.) 

Substituting in the above formula, 14.7x13.107*'** = 
235 X <•**, or 

v^ = y jr^T = 1.8356 cu. ft. Ans. 

From formula 71, remembering that ^F= 1, we have/ V 

= RT, or T = ^= ^^^ ^^hf ^^ = 1,164.2°. 1,164.2°- 

K .o7Uo5& 

460° = 704.2°. Ans. 

(585) (See Arts. 1 107, 1054, and 1099.) 
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(586) {(j) Cubical contents of cylinder = (10' - oj') 
X .7854 X 72 = 816.48 cu. in. = ., ' cu. ft. Specific grav- 
ity of copper is 8.79. Then, the weight of the cylinder is 

Kl t* Xa 

- ^' X 62.5 X 8.79 = 259.58 lb. Specific heat of copper, 

1 , 1 <H 

from Table 21, is .0951. Substituting the values of n, U\ 
and J, in formula 72, »= ^^(^i"~0'^> ^^ have 7,000 = 

259.58 (/. - /) X .0951, or / - / = ^59 58^0951 = ^83.56°= 
increase of temperature. 

By formula 67, / = Z C, / = 72 X .00000955 X 283.56 = 
.195 in. Ans. 

{/?) By formula 69, v=VC^ / = 816.48 X .00002864 X 
283.56 = 6.63 cu. in. Ans. 

(c) By formula 67, / = Z (7, / = 10 X .00000955 X 283.56 
= .027 in. Ans. 

(587) From Table 19, the coefficient of expansion for 
gases is .00203252. Substituting in formula 70, 

y _ f l + C, (/, - 32) n rr ^ r i + .00203252(390 - 32) 1 

' "~ Ll + C, (/, - 32) J » "■ L 1 + .00203252(65 - 32) J ^ 
12 = 19.428 cu. ft. 19.428 - 12 = 7.428 cu. ft. Ans. 

The same answer may be obtained by using formula 58. 

(588) Foot-pounds per minute = 75 X 2 X 20 X 2 X .18. 

Foot-pounds per hour = 75 X 2 X 2 X 20 X .18 X 60. 

TT ^ .^ u 75 X2X2X20X.18X 60 ^^ ^^ 
Heat units per hour = jr^ = 83.29 

B. T. U. Ans. 

(589) (a) Using formula 87, 7',= r (■--)"= 610 X 

^^y =-130.76°. Ans. 

(b) Substituting in formula 71, the initial values of 

u^ J? T A T^ u^ • ^ ^^^ . 5 X. 37052X610 
Wy A, 7; and k, we obtam / = — p — = = 

125.565 lb. per sq. in., the initial pressure. Ans. 
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(c) Using formula 86, 

^j = 125.565 X (^^^) = 15.06 lb. 
^ ^ per sq. in. 

Ans. 

(590) 12* X .5236 = 904.78 cu. in. = volume of sphere. 

904 78 
Sp. Gr. of zinc = 6. 86 ; therefore, ' X 62. 5 X 6.86 = 

224.5 lb. = weight of sphere. (See example 586.) Using 

tormula7w5,r- ^^^ .^ ,^^^^^ - 8 + 224.5 X .0956 

= 108.49°. 108.49°— 70°= 38.49°= increase in temperature 
of the zinc sphere after dipping in the boiling water. 

Using formula 69, v =VC^t = 904.78 X. 00004903 X 
38.49 = 1.71 cu. in., nearly. Ans. 

(591) By formula 67, l = L C^ /. C, = .00000599; 
Z = 900 X 12 ; / = 90° - 28° ; therefore, 1 = 900 X 12 
X .00000599 X (90 - 28) = 4.01 in. Ans. 

(592) According to formula 72, n = W(t^ — f) s, or 

^ = TF(7;Tr7) = TF = 26 = -^^^^- ^^s- 

(593) See Art. 1161. 

(694) {a) Temperature of vaporization of sulphur, from 
Table 22, is 228.3°. 

Specific heat of sulphur, from Table 21, is .2026. 

Latent heat of fusion of sulphur, from Table 22, is 13.26. 

228.3 - 40 = 188.3. 13 X .2026 X 188.3 = 495.94454 
B. T. U. to raise sulphur to melting point. 13.26 X 13 
= 172.38 B. T. U. to melt the sulphur. (495.94454 
+ 172.38) X 778 X 519,956.5 ft. -lb., total work required to 
perform both of the above operations. Ans. 

519 956 5 
(*> 10X^3,000 = ^-^^^^ horsepower. Ans. 

(595) 124X 3 = 372 B. T. U., heat given up by the 
turpentine in changing from gas to liquid. 75 X 4 = 300 
B. T. U., heat contained in the water. 300 + 372 = 672 
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B. T. U., heat contained in the mixture at the instant th 

1 turpentine has become liquid. 672 -r- 4 = 168° = tempera 

til re of water at the instant that the turpentine has becom 
^, a Ii(|uid. 

/ Applymg formula 73, / = 'py J^ ^/ = 

. 3 X. 426 X 313 + 168x4 ^aq no /: w . a 

; — — i— = 203.11 , final temperature. Am 

3 X .426 + 4 ' ^ 

(596) Specificheat of melted lead, from Table 21,= .0405 
Specific heat of solid lead, from Table 21, = .0314. 
Temperature of fusion of lead, from Table 22, = 626°. 
Latent heat of fusion of lead, from Table 22, = 9.67. 

626° - 46° = 580°. 800° - eUG"" = 174°. 

25 X .0314 X 580 = 455.3 B. T. U., heat required to raij 
the lead to melting point. 9.67X25 = 241.75 B. T. U 
heat required to melt the lead. 25 X .0402 X 174 = 174.{ 
B. T. U., heat required to raise the temperature of tl 
melted lead from fusion point to 800°. 455.3 + 241.' 
*:• +174.87 = 871.92 B. T. U., total heat required. ' 871.1 

X 778 = 078,353.76 ft. -lb. Ans. 

(597) 32°- 10°= 22°. 22 X 10 X .504= 110.88 B. T. U 
heat required to raise ice from 10° to 32°. Latent heat 
fusion of ice, from Table 22, is 142.65; then 142.65 X 
= 1,426.5 B. T. U., heat units to melt the ice. 1,426 
+ 110.88 = 1,537.38 B. T. U., total heat units to be tab 
from the mixture to melt the ice. Hence, applying f ormu 

JV,s^/i+ JV^ Ja /a 4- ?^s /3 + IV, JK 4- W^ s^ /, - 1.537.38 

n.5 X .1298 X 180+42 X .0939 X 240+10 X 32+50 x 1804-20 X .0314 X 80 - 1,537.88 

11.5 X .1298+42 X .0939 + 10 + 50+20 X .0314 
= 91.55«>. Ans. 

14.0 V <?*•** 

,;;•>.. (598) {a) /. z/.' •" = A < •", or A = ^g.... = 13. 21 

Area = AAzlA^ ^ 140x3-13.215x16 ^ ^^^^^ 

.41 .41 

508.69 -T- 20 = 25.434 sq. in. Ans. 
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(*) 25. 434 -4-13 = 1. 9565. Ans. 

(c) 1.9565 X 20 = 39.13 lb. per sq. in. Ans. 

X 5 

(599) Use formula 66, t, = {tj, - 32) ^. 

(a) /, = ( - 10 - 32) X I = - 23F C. Ans. 
(6) t, = (25 - 32) X I = - 3|° C. Ans. 

{c) t, = (2,200 - 32) X I = l,204i° C. Ans. 

(600) This must be answered by the student. 

(601 ) Using formula 80, L = 331. 5744 pv\Q%^- 

331.5744 X 15 X 10 X log ^ = 37,467.74 ft.-lb. Ans. 

(602) 520 H. P. = 520 X 33,000 ft.-lb. per minute - 
520 X 33,000 X 60 ft.-lb. per hour = 

^^^ ^ ^l'^^^ ^ ^^ B. T. U. = 1,323,393.31 B. T. U. Ans 

778 

(603) Let / == the required latent heat ; 

W^ = given weight of zinc ; 

IV ^ = given weight of water ; 

s^ = specific heat of zinc ; 

s^ = specific heat of water ( = 1) ; 

/, = temperature of melting zinc; 

/j = temperature of water. 

Then, the total heat of the mixture is W^ s^ /, + IV^ s^ /, -j- 
W^/f and from formula 73, the temperature 

,-Kldi±J^2i±EiI or 
7_ fj^s, + W,) - W,s, /. -JV,t, _ 

^- w, 

102|(4 X -0956 + 10) - 4 X .0956 X 680 - 10 X 60 _ g^ 

Ans. 

(604) See Arts. 1 1 1 7 and 1 1 20. 

(605) (a) and {d) See Art. 1118. 
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(c) A non-conductor is one which will not conduct heat. 
There really is no such substance, but some substances are 
such bad conductors that they are termed non-conductors. 

(606) When answering this question, consult Art. 1123* 

(607) In Art. 1130 it is sUted that 1 calorie = 3.96 
B. T. U. Hence, (a) 798 B. T. U. = 798 -5- 3.96 = 201.515 
calories. Ans. 

(b) 40 X 3.96 = 158.4 B. T. U. Ans. 

(608) {a) First calculate the weight by formula 71, 
„^ p V 18 X 7.6 8 Q^ . ., - 

" = hr = .33552 X 500 = '^^^ ^^- ^^^^^y* 
Units of heat required = s„ W (T^- T) = s„ W{1^-- t) 
= .15507 X .824 X (416 - 40) = 48.0444 B. T. U. 
Therefore, 48.0444 X 778 = 37,379 ft. -lb., nearly. Ans. 

(d) .21751 X .824(416 - 40) X 778 = 52, 429 ft. -lb., nearly. 

Ans. 

(609) See Arts. 1 144 to 1 147. 

(61 0) See Arts. 1 1 55 and 1 1 64. 

(61 1 ) Using formula 87, 

T= ^(y)' = ^^^(t?) "^ 839.64**= 380% nearly, above 
0° F. Ans. 

(612) (See Arts. 1 149 and 1 177.) 

(613) Use formula 81, /e;*-" =p^v^'''\ 

14.7 X 48**» =/, X (48 - 38)'-", or 

(Jg\ 1.41 
— j = 134.24 lb. per sq. in. Ans. 

Now, using formula 86, 

V^lf ) = 951% nearly, = 491° above 0° F. 

' Ans. 
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(QUESTIONS 614-688.) 



(614) See Arts. 1191 and 1192. 

(615) See Arts. 1189 to 1195. 

(616) See Arts. 1198 to 1201. 

/^^^x T . n^f.f.f. 2,719.78 400,215 ^ ^^r.» 

(617) Log / = 6.1007 '-^ j^ — = 6.1007 — 

2,719.78 400,215 . „^^^, „ ^ ;.« no iu 

a9FM60 - (290 + 460)- = ^'^^^^^^ ^"^""' ^ = '^'^^ ^^' 
per sq. in. Ans. 

(61 8) Using formula 91 , 

11= 1,081.94 + 305 / = 1,081.94 + .305 X 318 = 1,178.93 
B. T. U. . Ans. 

(619) See Arts. 1217 and 1218. 

(620) Using formula 92, 

. H Ar^K H 475 475 

pv^ = 475, or v^ = ~— = -37-. 

P o\ 

Hence, 
fj log 2/ = log 475 - log 81 = 2.67669 - 1.90849 = .76820, 

log V = .76820 X ^ = .72301. 

V = 5.2846 cu. ft. = volume of one pound. 
5.2846 X 6 = 31.7076 cu. ft. Ans. 



(621 ) Using formula 92, 

^ H .rv;. >. 475 475 
/z;« = 475,or/ = ^ = -^. 
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HcMf, log/ = log 4:5 — ^ log 7 = 1.77877. 
/ = 60.086 lb. per sq. in. Ans. 

«022.f 4-2 1 Looking in the table of Properties of Sat- 
urite-i >t«L=:, it is found that for a temperature of 320.094° 
:he p res>-re :> :•> p^..unds, and for the next lower pressure of 
ih'? talle. >S iPr'Uiids, the temperature is 318. SIC. Hence, 
the iinerencie in temperature for a diflFerence of one pound 
in i:res>ure :> 

5 = .792^ 

o:^:^»r;-4' — S-^y =.C»Si4= = actual difference. 

Then 1 .:. : T',*^' ::x lb. : .C»94, or x = .12 lb., nearly = 
c:nerer.:e in pressure between 320'' and 320. 094^ 

'» — .1*2 — >•.>> lb. per sq. in., absolute pressure. 

Si'.SS — I4.T = T5.1S lb. per sq. in., gauge pressure. Ans. 

{r\ 110 lb. gauge pressure = 110 + 14.7 = 124.7 lb., 

abs-oiute. 

Temperature corresponding to 125 lb. = 344. 136°. 

Temperature o«.»rresponding to 120 lb. = 341.058°. 

Dinerence. per p:»und difference in pressure = 

344.13»r - 341.058° ^,^0 

:^ = .616 . 

-> 

125 — 124- T = .3 lb., difference in pressure; .616 X.3 

= .1S5\ 

344. 1 :)• ; — . 1.^=^5 = 343. 951°. Ans. 

{c) 70 lb. , gauge pressure, = TO + 14. 7 = 84. 7 lb. , absolute. 

Heat of liquid for 84 lb. = 285.414 B. T. U. 

Heat of liquid for Sij lb. = 287.096 B. T. U. 

^ 287.096-285.414 ^,, _, ^ _, 
Difference per pound = = . 841 B. T. U. 

.841 X .7 = .589. 285.414+ .589 = 286.003. B. T. U. 

Ans. 
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Total heat at 86 lb. = 1,178.592 B. T. U. 
Total heat at 84 lb. = 1,17^.091 B. T. U. 

Difference per pound = — '— — ^r— ^ '- =.25 B. T. U. 

.25 X .7 = .175. 1,178.091 + .175 = 1,178.266 B. T. U. 

Ans. 

(d) Latent heat per pound at 06 lb. pressure = 904.443 
B. T. U. 

Latent heat per pound at 68 lb. pressure = 903.02 
B. T. U. 

T^-ir J 904.443 — 903.02 „^^ -d m tt 
Difference per pound = = .712 B. T. U. 

904.443 — .712 = 903.731 B. T. U., latent heat per pound at 
67 lb. pressure. 

903.731 X 3 = 2,711.193 B. T. U. Ans. 

(623) («) The isothermal of saturated steam is a 
straight line parallel to the axis of volumes. 

{b) The equilateral hyperbola. 

(624) From the table of the Properties of Saturated 
Steam, the weight of one cubic foot of steam at a pressure 
of 44 lb. is ,106345 lb., and at a pressure of 42 lb. it is 
.101794 lb. 

T^-tf ^ .106345 - .101794 ^,,^«^, ,, 
Difference per pound = = .002276 lb. 

The weight of a cubic foot at 43 lb. pressure is 

.101794 + .002276 = .10407 lb. 
Weight of 38 cu. ft. = .10407 X 38 = 3.95466 lb. Ans. 

(625) See Arts. 1214 and 1215. 

(626) See Art. 1206. 

To raise 1 pound of water from 55*^ to 140° requires 
140 — 55 = 85 B. T. U. Then, to raise 300 pounds of water 
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through the same range of temperature requires 85 X 300 
= 25,500 B. T. U. 

GO pounds gauge pressure = GO + 14.7 = 74.7 pounds, 
absolute. 

Total heat of 1 pound of steam at 74 pounds pressure 
= 1,175.431 B. T. U. 

Total heat of 1 pound of steam at 76 pounds pressure, 
= 1,175.985 B. T. U. 

^.^ . 1,175.985-1,175.431 
Ditierence per pound pressure = — = 

.277 B. T. U. 

.277 X .7 = .194. 1,175.431 + .194= 1,175.625 B. T. U., 
total heat of 1 pound of steam at an absolute pressure of 
74. 7 pounds per sq. in. 

The total heat (above 32"^) of a pound of water at 140° is 
140 - 32 = 108 B. T. U. 

Hence, each pound of steam on being mixed with water 
lowers in temperature to 140°, and in so doing gives up 
1,175.625 - 108 = 1,007.625 B. T. U. 

The required amount of steam is 

i!f;f.L = ^3.885lb. Ans. 
1,067.625 

(627) The temperature 256° does not appear in the 
table of the Properties of Saturated Steam. The next 
lower temperature is found to be 254.002°; and the next 
higher, 257.523°. The difference is 257. 523 - 254.002=3.521°. 
The difference between the lower temperature and 256° is 
256 — 254.002 = 1.098°. The volume of a pound of steam 
at the lower temperature is 12.68 cu. ft. ; and at the higher 
temperature, 11.98 cu. ft. The difference is 12.68 — 11.98 
= .7 cu. ft. 

The difference between the volume at the lower 
temperature and the vohime at 256° may now be found by 
proportion 

3.521 : 1.998 :: .7 : .r, or;r = .397. 
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Hence, the required volume of one pound of steam at 
256"* is 

12.68 — .397 = 12,283 cu. ft. Ans. 

12.283 X 4- = 53.226 cu. ft. Ans. 
o 

(628) See Art. 1192. Specific heat of superheated 
steam is .48. Hence, to raise 1 pound of superheated steam 
from 310"* to 342"* requires 

.48 X (342 - 310) = 15.36 B. T. U. 

To raise 6 pounds through the same range of temperature 

requires 

15.36 X 6 = 92.16 B. T. U. Ans. 

(629) (.) log /= 0.1007 -?^«-i^ 

= C.1007 - ^>'''-'' '^''^'' 



254 + 460 (254 + 460)'" 
= 1.50643. 
ff = 32.094 lb. per sq. in. Ans. 

From the tables, / = 32 lb. per sq. in. for a temperature 
of 254°. 

W ,„,/= c.1007- 3^30:^^ __«^ = «™,, 

or / = 190.54 lb. per sq. in. Ans. 

From the tables, / = 189.212 lb. per sq. in. for a tem- 
perature of 377^ 

(630) See Arts. 1220 and 1221. 

(631) (rt:) /r= 1,081.94 + .305 /. From the table, 

/= 385.759°. 
Hence, 11= l,081.94+.305 X 385.759 = 1,199.596 

B. T. U. Ans. 
From the tables, //= 1,199.597. 

(*) /=88; / = 318.51°. 

Hence, i^= 1,081.94+ .305 X 318.51 = 1,179.086 
B. T. U. Ans. 

From the tables, //= 1,179.085. 
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M / = 37; / = M0.883 + ''"■'"S - 260.883 ^ ^^^^^,. 

//^= 1,081. 04+. 305X262. 488= 1,161.999 B.T.U. 

Ans. 
From the tables, H= 1,161.999. 

(632) See Art. 1293. 

(633) See Fig. 49. The lines OX^xAO Kare drawn at 
right angles. The scale of volumes chosen is 20 cu. ft. to the 
inch, and the scale of pressure&30 lb. to the inch. The vol- 




umes corresponding to 50, 40, 30 lb., etc., are found from the 
steam table, and laid off along X. The pressures are then 
laid off vertically, as shown, forming the required curve A B. 

(034) See Art. 1224. 
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(635) (a) See Arts. 1252 to 1254. 

it = 

8 



3 
(d) Clearance / = .07 ; apparent cut-off k^ = - = .375. 



Then, by formula 97, the real cut-off = 

, k^ + i .375 + .07 .445 ,,^ . 

^-TTr== 1+07 =i:o7 = -^^^- ^'- 

By formula 96, ratio of expansion, e= ^ = —r- = 2.4. 

Ans. 

(636) By formula 97, >& = fqr^ = 1 + .O6 = rOG* 

By formula 96, ^ = i = -^ = ^ = 1.547. 

1.06 

T> r 1 £^£^ TiT T7 TD .9/^(l + 2.3l0g^) 

By formula 99, M. E. P. = ^^ — ' ^— ^ — .9/. 

P= 60 + 14.7 = 74.7 lb. ; / = 17 lb. 

Then, M. E. P. = -^ X ''■' <\+ ^ '''^ '-'"'^ - .9 X 17 = 

1.547 

47.1 lb. per sq. in. Ans. 

(637) {a) Using formula 98, 

T H P _ ^-^^^ 3^ ^'^-lX tl Xir X .7854 X 210 X2 _ 
33,000 33,000 

85.45 H. P. Ans. 

(b) 85.45 X .83 = 70.92 actual H. P. Ans. 

(c) 85.45 —70.92 = 14.53 friction H. P. Ans. 

(638) See Arts. 1 232, 1 236, 1 244, and 1 245. 

(639) (a) See Arts. 1262 and 1276. 

{d) The three principal uses are the following: 

1. To find the I. H. P. of the engine. 

2. To detect defects in valve setting, and to serve 

as a guide in setting the valves. 

3. To determine, approximately, the steam con- 

sumption of the engine. 
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Ift4ll> ■ t* Work ;j*rr stf-ke j»er s?q. in. of piston = 

3.4: X ,^ X 4^> = ^yjA ft. -lb. 
1:5 

Area o( piston = 1*;' x TSM = 201.0624 sq. in. 

Then, total work per stroke = 61*.4 X 201.0624 = 13,953.73 
ft. -lb. Ans. 

(^) 120 rev. per min.= 120 X 2 = 240 strokes per min. 

f^x. TT T^ 13,053.73 X 240 ,^, ,^ 

Then, H. P. = 33-000 ~ 101.48. Ans. 

(B41) Admission, cut-off , release, and compression are 
all t^xj late, and the back pressure is excessive. Admission, 
release, and compression may be made earlier by increasing 
the angular advance ; cut-off may be made earlier by adding 
lap to the valve ; the back pressure can be reduced only by 
reducing the resistance to the passage of the exhaust steam; 
that is, by enlarging the exhaust port or the exhaust pipe, 
or Ix^th. 

(642) Assuming a mechanical efficiency of 80^^, the 

120 
I. H. P. of the engine must be -^— = 150. 

The pn^bable M. E. P. may be found from formula 99. 

■ 0x84.7(l + 2..-nog4) _ J"^ 3 ^ ^^^g ,^ .^ 

4 
Assume ryryO feet per minute as a fair piston speed. We 
have, tlicn, /' = 42.75, and L iV = piston speed = 550. 

Sul)StitulinKS i'^ formula 98, I. H. P. = ^ , 150 = 

4-^:5 X ruyO X A J 150 X 33,000 . 

- or ./ =—--—: -—- = 210.52 sq. m., the 

:\:\J){)i) ' 42. ;o X 550 ^ ' 

/21O 52 

arra of t he piston. The diameter is, consequently, y \ = 

.7o04 

\{\k\ lu'arly. Assuming the stroke to be 42 in., the num- 
ber of revolutions, from formula lOO, is 



STEAM AND STEAM ENGINES. I'.U 

7e = ^"=i4|^= 78.57. 

This is a fair number of revolutions for a Corliss engine. 
Hence, an engine 16^*' X 42*, making 78^ rev. per min., will 
do the required work. 

(643) (a) 60 pounds, gauge pressure, = 60 + 14. 7 = 
74.71b., absolute; 2 lb. above atmosphere =2+ 14. 7 =16. 7 lb., 
absolute. 

Temperature of steam at 74. 7 lb. pressure is, from the • 
table of the Properties of Saturated Steam, 

306.526 + (308.344 -306.526>^^ ^ 3^^^^^,^ 

Temperature of steam at 16.7 is 
216.347+ (219.452-216.347). 7=218.521°. Then, 
7;=307. 162^+460= 767. 162 and /;= 218. 521+460= 678. 521°. 

T: - T; 767.162 - 678.521 __ 



Thermal efficiency = -^-^^ _ ^^^^^^ 

.1155 = 11.55^. Ans. 

{V) In this case, the absolute pressure of the entering 
steam is 90 + 14.7 = 104.7 pounds per sq. in., and the pres- 
sure of the exhaust steam 3 pounds per sq. in., absolute. 

The temperature corresponding to the former pressure is 
from the table = 331.169- /331^^9^^27^\ ^ ^ 330. 955^ 

The temperature corresponding to the latter pressure is 
141.654°. Hence, T^ is 330.956 + 460 = 790.956°, and T^ 
is 141.654 + 460 = 601.654°. 

n.u 1 «: • 790.956-601.654 ^.,^^ oq oq^ 
Thermal efficiency = ^ = .2393 = 23.93^. 

Ans. 
(644) (a) Using formula lOO, 

^^65^^X540^^^^, Ans. 
K 150 

,,v ^ 65 6 X 900 ,^^ . . 

{p) K=^ -j- = — — = 180 rev. per mm. Ans. 

1^ 2^ X 1^ 



V.fi 
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(645) The M. E. P. is found as shown in Fig. 50. 

The middle ordinates are drawn as explained in Art. 
1159. 

These ordinates are measured and multiplied by the scale 
nf the spring, which reduces them from inches to pounds. 




In the figure the sum of the 20 ordinates is 707.2 pounds. 
The mean ordinate, or, what is the same thing, the M. E. P., 

707.3 



is, therefore, 



-= 36. 3C lb. Draw the vacuum line at a 



distance of —~ = ,3675' below the atmospheric line MN. 

Choose the point A near the point of release, and draw A B 

parallel to Af N. The height B C ot this line above the 

3' 
vacuum line is - - ; therefore, the absolute pressure at A or 



.5 is - X 40 = 30 pounds. The length AB = l = 



1', and 



the length of the diagram L is 3.0'. The weight of a cu. ft. 
of steam at 30 pounds pressure, absolute, is .074201 lb. 
Substituting these values in formula lOl, 
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^ _ 13,750 / IV _ 13,750 X 2.84 X .074201 __ 
^~" PL "■ 35.36X3.6 

22.76 lb. per I. H. P. per hour. Ans. 

(646) (a) See Arts. 1293 and 1294. 
(d) See Arts. 1314 and 1315. 

(647) Area of high-pressure cylinder = lO'' X . 7854 sq. in. 
Area of low-pressure cylinder =32' X .7854=804.25 sq. in. 

Ratio of area of high-pressure cylinder to area of low- 

,. ^ 19' X .7854 19' 361 

pressure cylinder = 3^ ^ y^^^ = 3^ = j^^^ 

M. E. P. of high-pressure cylinder reduced to low-pressure 

361 
cylinder = 52 X ^ ^^, = 18.332 lb. per sq. in. 
^ 1,024 

Total M. E. P. reduced to low-pressure cylinder = 
18 + 18.332 = 36.332 lb. per sq. in. 

(a) Substituting now in formula 98, 

^ ^ ^ PLAN 36.332X-H-X804.25X120X2 _, ^^ 

^- ^- ^- = 33,000 = 33:000 =^^^f; 

(b) Since the stroke is the same for each cylinder, the 
ratio of the work done by the two cylinders is proportional 
to the ratio of the two M. E. P. 's reduced to the low-pres- 
sure cylinder. Hence, the ratio of the work done in the high- 
pressure cylinder to that done in the low-pressure cylinder 
is 18.332: 18 = 1.0184. Ans. 

(648) (a) See Art. 1276. 

(b) 1. Decrease the angular advance. 

2. Increase the angular advance. 

3. Lower the boiler pressure or decrease the 

number of revolutions. 

4. Raise the boiler pressure or increase the 

number of revolutions. 
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(649) («) The points desired arc shown in Fig, 51. To 
locate the point of cut-off, prolong the steam and expansion 




lines till they intersect, as at 1. From 1 drop the perpen- 
dicular 1 a, and a will be the point of cut-off. 

The point of release may be located by prolonging the ex- 
pansion curve, and noting the point where the actual curve 
departs from it, as shown at 6. The point of compression 
c is easily located. 

(d) The M. E. P. of the two diagrams are found as shown 
in the figure. The length of each diagram is divided into 30 
equal parts, and ordinates are erected at the middle points of 
the divisions. Thelengths of these ordinates multiplied by 
the scale of the spring used, in this case, 1' = 30 lb., added 
together and divided by 20 gives the required M. E. P. The 
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M. E. P. of diagram yi is found to be 30.75 lb. per sq. in., 
and the M. E. P. of diagram B is found to be 44.6 lb. per 
sq. in. Ans. 

(650) Using formula 106, 

S = .0944 W- .0944 X 675 X 26^ = 1,688.58 sq. ft. Ans. 

(65 1 ) Area of piston = . 7854 X 30' = 706. 86 sq. in. The 
piston speed is, from formula lOO, S = ^ = *^? = 

640 ft. per min. ; hence, the velocity of the crank-pin ( = v^ 

. 640 X 3.1416 ^ _^^ n r^ • 1,005.3 . _ -.„„ .. 

IS ^ = 1,005.3 ft. per mm. = — — - — = 16.755 ft. 

per sec. The ratio n between the radius of the fly-wheel and 

length of crank is ~ = 5. Substituting now in formula 107, 

„• A Hg 706.86 X 88 X 32.10 ^, .^, .. ,, . 
^-ITEVJ^ 5- X,VX 16.755- =^^>^^^-^^ ^b. Ans. 

(652) {a) Use formula 98. 

_ PLAN 33,000 I. H. P. _ 33,000x1,200 _ 

1,924.2 sq. in., area of low-pressure piston. Diameter of 

low-pressure cylinder = y — ^ ' , = 40- . Ans. 

(b) Since the stroke is the same for both cylinders, their 
volumes are proportional to the areas of their pistons. 
Hence, using formula 103, 

V area of low-pressure piston E r i_ • i_ 

— = ^, . , ^-^- — = rr^TT, or area ct high-pres 

V area of high-pressure piston 2.72 

2.72 X 1,024.2 ^_ _ 

sure piston = ^r-^ = O0I.6 sq. in. 

0. o 

The corresponding diameter is 



• ^ 77854 = '^-^rr'^^'^^"y-^%- ^"^- 

Use formula 104, 

V __ area of low-pressure piston __ ^ __ /^-^ 

V ~~ area of high-pressure piston — 'r - — 
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1 924 2 
Hence, areaof high-pressure piston =-^-^^=1^=820. 48 sq. in. 

The corresponding diameter is 32—, say 32^ . Ans. 

(653) (a) By formula 102, E = —,ore=z-^; but, 

V E V 

by formula 103, — = T"rt^» ^^ ^=2.72 — . Substituting 

V V 
this value of E in 102. we have, ^ = 2.72 — -=r^ = 2.72. 

Hence, the real cut-off = — = —— - = .368. Ans. 

e 2. 72 

V r- V \ 
(b\ From formula 104, — = yE , or -^^ = —== 

V 

Substituting this value of pr in formula 102, above, 

e = -^ = 4/3' = 1/575 = 2.345. 
^E 

Real cut-off = - = , ,,,^ = .426. Ans. 

e 2. 345 

(654) See Art. 1330. 

(655) The construction is shown in Fig. 52. It is pre- 
cisely similar to the construction shown in Art. 1313, and 
need not be further described. 

(656) The total heat of steam at 4— pounds pressure is, 
from the steam tables, 

1.128.641 + 1,131.402 ^ 3 ^ ^ 

2 ' 

Now, using formula 105, 

Pr==^-^^-l! = M_30.:0|-^+32^^3^^,^ ^^^ 

t^ — /j, \6\j — 55 

(657) See Art. 1291. 

(658) (a) Using formula 98, L H. P. = -^^, or 

^^ _ 33,000 1. H. P. _ 33,000 X 42 

PN ""36.3X155X2* 
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L = stroke in feet. 
12 L = stroke in inches. 

From the conditions of the problem, 12 Z = \ ^d^ when d 
is taken in inches, or Z = -^/. -^ = .7854^'. Substituting 

47 

these values of L and A^ 

-rfX..85-trf - g -2X36.3X155' 



°';^=^ 30.:3xl5ox2X.7854 =^^-^^ nearly, or. say 

11 ~r. Ans. 
4 

Stroke = l--^/=ll---x 1^ = IS'', nearly. Ans. 

(^) Using formula lOO, 

^ LR 15 X 155 ^_-, . - . . 

S — = : = 387.5 ft. per mm. Ans. 

GO ^ 

(659) {a) Area of piston, .7854 X 22' = 380.1336 sq. in. 

Total pressure on piston = 380.1336 X 72 = 27,369.62 lb. 

At the beginning of the stroke, the piston rod, connecting- 
rod, and crank lie in the same straight line, and, consequently, 
the total pressure on the piston is transmitted to the crank- 
shaft. 

{U) In this case the total pressure on the piston is 380. 1336 
X Go = •^4,708.()«S lb., which is also the horizontal pressure 
on the crank-pin. 

Then, the pressure on the crank-shaft is 24,708.68 X cos 
00° = l'2,:jr)4.34 1b. Ans. 

(r) The tangential pressure is 24,708.68 X sin 60'' = 
24,708.GH X .8f)G()3 ^- :i 1,398. 46 lb. Ans. 

(660) wSee Art. 1311. 

2 

The mean ordinate should be 34.6 X ^ ,,,.. =22.03 lb 

o.141d 

per sq. in. Ans. 
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(661) Diameter of drivers == 80^ = ^ = 6^ ft. 

J.4) O 

2 

Circumference of drivers = 6- x ^ = 20.944 ft. 

o 

GO miles per hour=l mile per min. 

One mile contains 5,280 ft. Hence, the number of revo- 

5 280 
lutions of the driver per min. is -rrf-rTT- 

20. 944 

Area of piston = .7854 X 19' = 283.53. 
Now, using formula 98, 

PLAN ^'^■^^12^ ^ ^WmI 
^•^•^•=13:000- = 33;000 '■ =*^*-^®- 

Since there are two cylinders, the total horsepower = 
454.86 X 2 = 909.72 I. H. P. Ans. 

(662) {a) As shown in Fig. 53, the diameter of the path 
described by the eccentric is the travel of the valve, 5". 



Fig. 53. 

The eccentric crank must be in a position O C, so that, upon 
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dropping the perpendicular C D upon A B^ the distance O D 

3 

will equal the lap — . Then, cos C O D = -jy-?- = "n* =-3- 

The angle whose cosine is .3 is 72° 32', nearly. Hence, 
C O n = 72° 32', and the angular advance = C (9 F= 90° 
- COD={)0 - 72° 32' = 17° 28'. 

{b) When cut-off occurs the valve must be in the same 

position as it was at the beginning of the stroke, but moving 

in the opposite direction. Hence, the center of the eccentric 

must be at E vertically below C, and must have passed 

through the angle C C> ^ = 2 C (9 ^ = 2 X 72° 32^ = 145° 4'. 

Therefore, the crank has moved 145° 4' from the dead-center 

145° 4' 
position, and now makes an angle of — - — = 72° 32', with 

A B^ the diameter through the dead points. 

(663) (a) Efficiency = =r^^= -8024 = 80. 24)^. Ans. 

15. OD 

(b) Area of piston = .7854 X 9' = G3.617 sq. in. 
Stroke = 12'' = 1 foot. 

Using formula 98, I.H.P. = , or 

I.H.P. X 33,000 _ 15.36 X 33,000 _ 
LAN "1 X 63.617 X 240x2" 

(664) See Arts. 1223 and 1224. 

(665) The construction is shown in Fig. 54. Choose a 
suitable length for the diagram, say 3 inches. Draw the 
atmospheric line M N. Choose a scale of pressures, say 40 
pounds per inch, and draw the vacuum line O X parallel to 

J/A^and ^ = .3675*^ below it. On O X lay off the length 
40 

of the diagram y^ ^ = 3^. This length represents to some 

scale the-volume of the cylinder, and 7^ of this length must 

then represent to the same scale the clearance. Therefore, 
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from A, lay ofi A O equal to 7!8 of A Bt= 3 x -07 = ,21', 
and from O draw O Y perpendicular to O X. Lay off 

MC =■ — =■ 1 — to represent the boiler pressure, and through 

Cdraw C£" parallel to OB. The number of expansions is 

3. Hence, Uy off CD = ^OB, and D will be the point of 

cut-ofF. Through D, draw the equilateral hyperbola D F, 




as explained in Art. 1 1 61, taking O as the point from 
which to draw the radial lines. D F is the expansion line. 
The back pressure is 3 lb. above the atmosphere. Hence, 

the line G/f drawn parallel to J/ A'" and- - = -above 1 will 

represent the back-pressure line of the diagram. Kince the 
steam is compressed to 40 lb,, the point where compression 

ends may be found by measuring PK ~ - = I' above MN. 

Through K, the equilateral hyperbola KH is drawn in the 
same manner as 2) F. Draw KL perpendicular to MN, and 
the diagram is finished. 

(666) See Art. 1308. 
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(667) To obtain an idea of the condensation of the 
steam in the cylinder. There is generally more condensa- 
tion at cut-off than at release, on account of reevapora- 
tion, and if the steam consumption be calculated from both 
points, the difference will tell more or less, approximately, 
the amount of condensation at cut-off. 

(668) The data assumed will, of course, depend largely 
upon circumstances. Suppose the engine to be non-con- 
densing, and to run with a piston speed of 600 feet per 
minute, and use steam at a boiler pressure of 75 lb. The 
mechanical efficiency will probably be about 80^, which 

requires the engine to develop -— = 300 I. H. P. Assuming 

the number of expansions to be 2^, the probable M. E. P. is, 

r r ^ ^^ !,€ j^ T» .9 /*(1 -f 2.3 log ^) 

from formula 99, M. E. P. = ^^ — ■ ^—^ _ .9^ = 

.9X89.7 (1 + 2.3 log 2.5) _,^,,^ ,J, 

Ki.O 

P LA N 
Now, using formula 98, I. H. P. = , or A'=z 

00,000 

33,000 I. H. P. _. ^ , ,. . , ^^^ . 

— - — p-r-T7 . But ZiV = piston speed = 600 ft. 

^ . 33,000 X 300 ^^, ,a ' r . . 

Hence, A = .^ 'e -fkf: = 354.46 sq. m. = area of piston. 

4d.55 X oUO 

I*' 
The diameter corresponding to this area is 21-7-. 

4 

For this diameter a fair stroke would be 30*^, the number 

of revolutions being from formula 1 OO, 

65_6X600_ 
^--Z"--30-~~^^^- 

The engine would be made 21— X 30'', and run at 120 

4 
rev. per min. Ans. 

(669) The scale of the spring should be in general not 
less than — of the boiler pressure. 

54 
(a) -— = 27; hence, a 30 spring should be used. 
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115 1 

(^) "o"" ~ ^^ o > ^^^ce, a 60 spring should be used. 

(c) 1.834' X 40 = 73.36 ib. per sq. in. Ans. 

(67 0) Weight of condensing water per pound of steam 
_ 13,580 

- 906 ' 

Total heat of steam at an absolute pressure of 7 pounds is, 
from the table, 1,135.908. Substituting in formula 105, 

l^= H-t^+^'it ^ or /, = i^+ 32 - W{t^ - /,), we obtain 

/, = 1,135.908 + 32 - ^^^ (120 - 52) = 148.66°. Ans. 

(671) The areas of the three pistons are proportional to 

the squares of their respective diameters. Hence, the M. E. P. 

of the high-pressure cylinder reduced to the low-pressure 

27' 
cylinder is 72 X ^^i = 12.05 lb. per sq. in. The M. E. P. of the 

intermediate cylinder reduced to the high-pressure cylinder is 

42* 
40 X ^^ = 16.2 lb. per sq. in. 

DO 

The total M. E. P. reduced to the low-pressure cylinder 

is, consequently, 12.05 + 1^-^+ 16.5 = 44.75 lb. per sq. in. 

Area of low-pressure piston = .7854 x 66'= 3,421.2 sq. in. 

{a) Substituting, now, in formula 98, 
T TT P _ -^^^^ _ 4:4.75x4x 3,421.2 X 70 X 2 __ 

^' ^' ^' - 33,000 - SpOO ~ ^' ^T^' 

' ' Ans. 

{b) The work done in each cylinder is proportional to the 
M. E. P. of the cylinder reduced to the low-pressure cyl- 
inder. Hence, the percentage of the total work done in the 

12 05 
high-pressure cylinder is ' = .269 = 26.9^. Ans. The 

percentage of the work done in the intermediate cylinder is 

16 2 

. ' = .362 = 36.2^. Ans. Lastly, the percentage of the 

16 5 
work done in the low-pressure cylinder is ' = .369 = 

36. 9j^. Ans. 
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(672) See Art. 1287. 

(673) The number of expansions is determined from 
formulas 97 and 96, 

r_ ^, + i _ '^5 + '0^5 __ .275 
■l + i" 1 + .025 ""1.025" 

._!_ 1 _ 1-0^5 _ 

k "" .275 "" .275 -^•^^^• 
1.025 

(a) The M. E. P. may now be found from formula 99. 

M.E.P.=:^^il±Mi£L£)_.9;.= 

e ^ 

.9x98.7(1 + 2.3 log 3.727) ^^^ k^ ak- xu 

' ^^ ^ — .9X3 = 52.45o lb. per sq. m. 

Ans. 
pr 4 AT 
{d) Using formula 98, I. H. P. = ^^'^ , or A = 

33,000 X I. H. P. 33,000 X 120 , ,, . „, 

PLN = 52.455X500 =^^^"q-^"- The required 



^^^151 .„7" 



diameter is, therefore, y = 13- . Ans. 

. 7oo4: O 

(674) Since the gauge pressure is 93 lb. , the absolute 
pressure is 93 + 14.7 = 107.7 lb. Substituting the logarithm 
of 107.7 in formula 90, 

2.03222 = G. 1007 ^^-^^^'^^-^y. 

Clearing of fractions and transposing, 

4.06848 r^ - 2,719.78 T = 400,215. 

As this is an affected quadratic, it may be solved by the 
rule given in algebra ; hence, dividing by the coefficient of 
T'.T' - 668.5 T= 98,369.66. Completing the square T' 
-608.5 r+ 111,723.2 = 210,092.86. Extracting square 
root, T - 334.25 = 458.359, or T = 792.609^ Therefore, 
792.600 - 460 = 332.609°. Ans. 

(675) See rule in Art. 1246, and the answer to 
question 662. 



k 
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(676) The volume discharged in 1 stroke is 

18^ X .7854 X 24 

1,728 ^^* ' 

and the volume discharged in 1 minute is 

18^ X .7854 X 24 X 175 X 2 
1,728 
Formula 93 gives the work in foot-pounds which is done 
in 1 stroke; hence, if multiplied by the number of strokes 
per minute and divided by 33,000, the result will be the 
horsepower. The pressure is 62.4 lb. Substituting these 
values of the pressure and volume, in formula 93, and 
dividing by 33,000, we have 

144 X 62.4 X 18^ X .7854 X 24 X 175 X 2 _ ^^_ -_^ 

1,728 X 33,000 ~ ^^^'^^^ 

horsepower. 

Ans. 

(677) Dividing the diagram into 10 equal parts, and 
measuring the ordinates drawn at the middle of these di- 
visions, the sum of their lengths for diagram A is 7.16'', for 
diagram B, 7.24^ and for diagrams C and D, 4.68'' and 4.72^ 
respectively. Dividing these sums for A and B by 10 and 
multiplying by 60, the scale of spring, we have, 

for ^, 7.16 X r^ = 42.96 lb. per sq. in. ; 

for ^, 7.24 X ^ = 43.44 lb. per sq. in. 

Adding and dividing by 2, the mean effective pressure for 

^u w u 1- J • r J . u 42.96 + 43.44 
the high-pressure cylmder is found to be ^ = 

43.2 lb. per sq. in. 

The M. E. P. for the low-pressure cylinder is, 

30 
for C, 4.68 X — = 14.04 lb. per sq. in. ; 

30 
for Z>, 4.72 X r^ = 14.16 lb. per sq. in. 

Adding and dividing by 2, the M. E. P. for the low-pres- 

,. . . 14.04+14.16 ^, ^ .. 
sure cylinder is -^ = 14.1 lb. per sq. in. 



\i(M] 
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Reducing the M. E. P. of the high-pressure cylinder to 
the area of the low-pressure piston, we have 43.2 X 

^^^.--^^-^^ =18.252 lb. per sq.^ 

Hence, 14.1 + 18.252 = 32.352 lb. per sq. in. = the M.E. P. 
if the work was all done in the low-pressure cylinder. 

PLAN 



Therefore, I. H. P. = 
15 



33,000 



32.352 X 75 X 20' X .7854 X 230 X 2 
I 33,000 



= 177.11. H. P. Ans. 



(678) Fig. 55 shows diagram A and diagram D drawn 
as mentioned in Art. 1305; that is, the scale of pressures 




Fig. 55. 

on diagram D has been reduced to 60, the same as on dia- 
gram A. In Fig. 56 the length of diagram A has been re- 
duced in the proportion of the ratio of the volume of the high- 
pressure cylinder to that of the low-pressure cylinder. By 
reading Arts. 1304 and 1305, the student should have 
no trouble in drawing the diagrams by aid of the above 
figures. 

(679) Using a scale divided into thirtieths of an inch, and 

28^ 
locating for this case a point —- above the vacuum line 
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(which should be drawn previous to thih), we draw through 
this point a line parallel to the atmospheric line. The 
length of the portion of this Hne included between the 



bounding lines of the diagram is 2.95', and the absolute 
pressure which it represents is 28 lb. The whole length of 

the diagram is 3-^ . The weight of a cubic foot of steam at 

this pressure is, from the table of the Properties of Saturated 
Steam, .069545 lb. The M. E. P. was found to be 30.75 lb. 
per sq. in., in example 649. 

Substituting these values in formula 101, 

„_ 13,750 X 2.95 X .069545 _ 



3.75 X 3.5 



= 20.21 lb. per I. H. P. per 



hour. Ans. 

(680) For (a) and (*) see Art. 1292. {<:) No. The 
stroke may be so short that the piston speed will be low, 
although the rotative speed is high. 

(681) The absolute pressure = 123 + 14.7 = 137.7 lb. 
Logarithm of 137.7 = 2.13893. Substituting in formula 90, 

2.13893 = 6.1007-?-'^-*''-^. 
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Clearing of fractions and transposing, 3.96177 7"* — 
2,719.78 r= 400,215. 

Solving this equation for T in the same manner as was 
done in example 674,7^=811.49°, or / = 811.49 — 460 
= :]51.49°. Ans. 

(682) Since, according to formula 98, 

_ PLAN p_ LH.P. X 33,000 
^•^•*^- " 33,000 ' LAN 

Substituting the values given in the present example, 

^ 300X33,000 .Q.A^iK 

P=i — = 43.406 lb. per sq. m. 

14 X 22' X .7854 X 200 X 2 Ans. 

12 

(683) See answer to question 675. 

(684) Drawing and uniting the lines s t u and v t r oi 
diagrams A and B^ respectively, the diagram shown at (<2), 
Fig. 57, is drawn. (Fig. 57 is not drawn to scale.) Divi- 
ding the part r s t into 10 equal parts, and measuring the 
ordinates drawn at the middle of those parts, the sum of 
their lengths is 7.78'', and the average length (mean 
ordinate) is 7.78 -^ 10 = .778''. The length of a line par- 
allel to the atmospheric line included between the point 
/ and the line .f r is 2.23". Hence, area oi s t r = .778 
X 2.23 = 1.7349 sq. in. Dividing v t u into 5 equal parts, 
the sum of the middle ordinates is 1.8". 1.8 -4- 5 =.36"= mean 
ordinate oivtu. Length from point / to line v u =. .37". 
Area of t; / « = .36 X .37 = .1332 sq. in. Subtracting area 
V t u from area r s t, 1.7349 — .1332 = 1.6017 sq. in. The 
length r u = '^. 6". Hence, the mean pressure urging the 

piston ahead is— — — — = 36.96 lb. per sq. in. Ans. 

(685) This example is worked like the previous exam- 
ples where the horsepower is to be found from the diagrams. 
Dividing the length of the diagrams into ten equal parts, 
and measuring the middle ordinates, their sum for diagram 
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A is found to be 6.04', and for B, 6.62*. The mean ordinate 
for A = ^ = .004, and for B, ^ = .662. Hence, the 

total M. E. P. = • '^Q^ + • ^^^ X 60 = 37.98 lb. per sq. in. 

. „ -, 37.98X1X13'X.7864X300X a „, „„ . 
f.H.P.= 3^^^^^ =91.66. Ans. 

(686) Drawing a line parallel to the atmospheric line, 
and at a distance from the vacuum line corresponding to a 
pressure of 40 lb., absolute, the length included between the 
bounding lines of diagram A is 1.46^, and the length be- 
tween the bounding lines of diagram B is 1.72*. The 
length of both diagrams is 2.6*'. The weight of a cubic foot 
of steam at an absolute pressure of 40 lb. is .097231 lb. The 
M. E. P. for card yi = .604 X 60 = 36.24 lb., and for card 
B, .662 X 60 = 39.72 lb. (See example 685.) Substituting 
in formula lOl, we have, for card A, 

^ _ 13, 750 XI. 46 X. 097231 «. ^,. ,, 

^ 36.24X2.6 = ^^'^^^ ^^- 

and for card 5, 

_ 13,750 X 1.72 X .097231 _ 
^ - 39.72X2.6 - ^^-^^^ ^^• 

Taking the average of both cards, 

^ 20.716 + 22.267 ^, ,^ ,. t tj r^ 

Q = -' = 21.49 lb. per I. H. P. per 

hour. Ans. 

(687) In Fig. 57 is shown the solution to this question. 
The cut is not drawn to scale, and the student should re- 
draw it full size. By referring to Art. 1313, the student 
should have no difficulty. 

Find the areas oi A C F and F B\ subtract the smaller 
from the larger, and divide by the length A B; the result is 
the height A M. Draw J/ iV' parallel toAB; also the dotted 
semicircle, at a distance from the full semicircle equal to A M. 

(688) Compute the area oi D C E Din the usual man- 
ner; for the present case it equals .78 sq. in. The stroke 
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of the engine = 12^ = 1 ft. and the crank-pin travels in one 

1X3 1416 
stroke a distance = ^ = 1.5708 feet. The length 

AB = 4.08^ Consequently, 1" of length on A B = -^^^ = 

.385 ft. of crank-pin travel. Since the vertical scale of 
pressures is 1^ = 60, If, in formula 107, = .78 X 60 X .385 = 
18.018 lb. per sq. in. of piston area. Substituting in 

formula 107* we have W= „ ,. y 



13' X .7854 X 18.018 X 32.16 „„„ ,. . 

= 623 lb. Ans. 



., 1 / 300 X 2 X 1 X 3.1416 Y 

* ^ 60 ^ \ a X 60 / 



PRINCIPLES 

OF 

REFRIGERATION. 

(QUESTIONS 689-748.) 



(689) The friction head corresponding to a pressure 
of 5 pounds per square inch is 5 -^- .43 = ll.G feet. With 
this friction head a 1-inch pipe 347 feet long, according 
to formula 125, will carry 



Q — 28.5 V .77^ = 5.21 gallons. 

The actual quantity required is 320 gallons; hence the 
factor for the pipe is 320 -r- 5.21 := 01. This lies between 
40.5 for 4-inch and 72 for 5-inch pipe, and the larger size 
should be used. 

(690) See Art. 1441. 

(691) See Art. 1450. 

(692) See Art. 1422. 

(693) See Art. 1421. 

(694) From formula 115, 

t = .-.^^ 4G0..H = 

<).2495- log/ 

"i 1 M(i 

' - 4(30.0(3= - 28.502. 



5.08218 
From formula 116, 



^'^ .0502 + . 000778 X 28.502 •^^^'^^- 
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In this solution we add the product .0(K»T78 X 28.562 
because the temperature is negative^ that is, below 0° F. 

PVoin formuhi 118, 



r = 555.5 + .r,13 X 28.5(12 - .()(M)219x 28.5r,2 = 572.83. 
From formula 117, 

7; = .02379 - .00107 X ^^ X 28.562+ .4923 X ^'^'^'^^ 



1 



14.7 

= 18.018. 
1 



14.7 







Zc' = — : 
V 


18.018 




.uaao. 






Collecting 


the 


results, 


we have 
















t 


— 


- 28. 562° 


F. 










V. 


— 


.02379 cu. 


ft. 










V 


z::z. 


18.018 cu. 


ft. 










10 


zr 


.0555 lb. 












r 


' 


572.83 B. 


T. 


U. 



.. Ans. 



(695) The absolute temperature is 230° + 460° = 690°, 
and the absolute pressure is 114.7 pounds per square inch. 
From formula 119, 



.62 J/ A 



62 X 1 X 690 



= 3.73cu. ft. Ans. 



114.7 

(696) vSec Art. 1364. 

(697) {a) vSee Arts. 1352, 1353, 1427, and 1357. 
{b) The principal advantage of ammonia is its compara- 
tively great latent heat. See Art. 1358. 

(698) wSee Art. 1429. 

(699) {a) and (/;) See Art. 1350. 

(700) The heat abstracted per hour is 

Q^ = 142.65 X 250 = 35,662.5 B. T. U. ; 
therefore, the heat abstracted per stroke is 

35,662.5 



75 X 60 



= 7.925 B. T. U, Ans. 



i 
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The initial temperature being 500° absolute, the absolute 
temperature at the end of compression is 

P-A =500x(^j =090.9°. 

The absolute temperature at the end of expansion is 

hence, t^ = 401.65° - 400° = - 58.35°. 

One pound of air in passing from — 58.35° to 40° will 
absorb .23751 X [40 - ( - 58.35) ] = 23.351) B. T. U. ; hence 
the weight of air required per stroke is 

7. 925 -f- 23. 350 = . 3393 lb. Ans. .^ 

The volume of the air entering the compressor per stroke 

is 

., RMT, .37052 X .3393 X 500 , ,,^^ , . 
Va = 7 — - = TTi^ = 4.276 cu. ft. : Ans. 

The volume of the expansion cylinder i^, 

K =Ki^ = 4.276 X ^^^ = 3.435 cu. ft. Ans. 

J a 500 

The work per stroke is 

778 X .23751 X .3393 X [ (690.9 - 555) - (500 - 401.65) ] 

= 2,354+ foot-pounds. 
The net horsepower required is 

nW _ 75 X 2.3 54 _, 
^-33,000- 33,000 -^■•^'^^•^- -^"s. 

The cooling water required per minute is 

75 X .23751 X .3393 X (690.9 - 555) ,^^ ^,^,^ ,, 

8r--65- = -^^'-^^^ ^^' 



The efficiency of the machine is 
7]. 500 



7; - 7; 690 . 9 - 500 



= 2.62. Ans. 
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(701 ) 
(702) 
(703) 
(704) 

(705) 
we have 



The sample B. See Art. 1437, 
See Art. 1413. 
See Art. 1438. 



vSee Art. 1434. 



IbT 



Using formula 1 24, G = , or 7' = 

a 1 

047 X 4.5 
T = -" — ^^ = 44. -Ad tons. Ans. 
25 



_^'(^-0 



25 



(706) Using formula 1 24, 

26 X 40 



G = - 



().5 



= 153.85 gallons. Ans. 



(707) See Art. 1446. 

(708) See Art. 1411. 

(709) (^0 Using formula 124, the quantities for the 
rooms are as follows : 

Room Ay ^ — = 181:J: gallons. 



Room /), 7 — '^^ gallons. 



9 


— 


5 


25 X 12 




4 




25 


X 


18 




4 




25 


X 


4 



Room r, '^^^^^-^-^ rzz 112^ gallons. 



Room I), ^^ = 25 gallons. 

(d) The pipe from C Lo I) carries the 25 gallons for 
room D. The pipe from B to C carries the 112 J gal- 
lons to C and also the 25 gallons to />, or IVZl + 25 
= l'37i gallons in all. The pipe from A to B carries 
25 + 112^ + '^5 = 2124 gallons, and that from the engine 
room to A carries the total quantity, 25 -|- 112^ + 75 + 
181^ = 393| gallons. With a friction head of 12 feet, the 
quantities flowing through a 1-inch pipe for the various 
lengths are as follows: 
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12 
From engine room to room A^ 28. 5 V ^ = 12.7 gal. 

From room A to room B, 28. 5 ^ t^. = ^^ S^^- 

/ T2 

From room B to room C, 28. 5 1' -— = ll.-l gal. 

75 

/12 
From room C to room /A 28. 5y — - = 15. (i gal. 

40 



Diameter 
of pipe. 

4-inch. 
3-inch. 
3-inch. 
IJ^-inch. 



Factor for pipe to room A, 393.7 -r- 12.7 = 31. 
Factor for pipe to room B, 212.5 -^ 18 = 11.8. w 
Factor for pipe to room C, 137.5 ~- 11.4 = 12.1. <i 
Factor for pipe to room Z^, 25 -i-15.G= 1.6. 

(7 10) See Art. 1443. 

(711) At the given temperatures, 20° and 85°, the 
properties of saturated ammonia are as follows: 

Temp. ^^itT Pressure. ^^^^^^ Volume 

^ Temp. Heat. per pound. 

20° 480° 47.95 543.15 5.84 

85° 545° 167.86 501.81 1.77 

To find the temperature of the superheated gas at the end 
of compression, we have 

/ft = 040.96° — 460° =180.96 \ 
From the formula F= .00505 « J/ [r, _(/^_/jj^ 

F 



M 



.00505 ;/[r,-(/,-0] 
12 



.00505 X 70 X [543.15 - (85 - 20)] 

.071 lb., the weight of ammonia circulated per stroke. 

The volume of 1 pound at the given temperature is 5.84 
cu. ft. ; hence, the theoretical volume of the compressor 
cylinder is 

5.84 X .071 = .415 cu. ft. Ans. 
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To find the actual dimensions, add ^ to the volume i 
make the stroke double the diameter. 
For the horsepower, we have 

33,000 

70 X 778 X .071 X \ 501.81 - 543.15 + .508(180.96 - 85) 4- 85 - 20 [ 

SlS^OOO ' 

8.48 horsepower. Ans. 

The horsepower of the steam cylinder should be J greal 
or 8.48 X i= 11.3. 

The heat given up to the cooling water per stroke is 

(2, = iW^[.508(/,-/,)+rJ = 

.071 X [.508 (180.96 - 85) + 501.81] = 39.09 B. T. U. 

The cooling water required per minute is therefore 

^ 71 Q^ 70 X 39.09 ,__ _, , . 

G = - — ^ = —77^ — — = 136.81 pounds. Ans. 

tf — ig oO — 60 

The theoretical efficiency is 
F- r..-(t,^Q _ 478.15 _ 

r, - r, + .508 {h - O + ^c - ^a "■ 72.408 "" ''•''• 

(712) See Art. 1375. 

t (713) See Art. 1376. 

(714) {a) See Art. 1384. 
(b) See Art. 1385. 
{c) See Art. 1405. 

(715) {a) and (^) See Art. 1380. 

(716) The absolute pressures are 194.7 and 24.7 pour 
respectively, and the corresponding temperatures, Table 
are 94° and — 8.5°, nearly. The latent heat at the lo 
temperature is about 560.7 B.T.U. and the weight of a ci 
foot is .0911 lb. 

{a) To find the capacity, we use formula I269 ^ 
.00505 ;/ Cw \r^ — (/^ — /„)]. In the present case, the prod 
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n C is 357 cubic feet, the cylinder displacement per minute. 
Substituting, 

/^= .00505 X 357 X .0911 X [560.7- (94 - (- 8.5) ) ] = 

75.254 tons. Ans. 

(d) 75.254 X (100 - .30) = 52.68 tons. Ans. 

(717) vSee Art. 1360. 

(718) See Art. 1366. (a) It is stated in this article 
that for the same piston displacement, the ammonia machine 
gives a cooling effect of 62.75 B. T. U. and a sulphur-dioxide 
machine gives a cooling effect of 22.88; hence for the same 
cooling effect, the volume of the sulphur-dioxide cylinder 

must be 

62 75 
2 cu. ft. X ,^' Q = 5.63, or 5f cu. ft., nearly. Ans.. 

{d) Similarly, the volume of the ether cylinder would be 

2 cu. ft. X o na = ^^ ^^^' ^^-j nearly. Ans. 
o.bo 

(c) For the carbon-dioxide machine, the cylinder volume 

would be 

02 75 
2 cu. ft. X -TTri-rrr = -5 cu. ft., nearly. Ans. 
248.18 -^ 

(719) (a) See Art. 1369. 
(b) See Art. 1428. 

(720) See Art. 1368. 

(721) {a) and (<^) See Art. 1332. 

(722) The volume of the expansion cylinder is 

.7854 X i^ = .982cu. ft. 

JL/i 

The absolute temperature of the cold room is 460° -j- 30° 
= 490°, and that of the air at the end of expansion is 
460° — 43° = 417°. Substituting known values in formula 

114, 

(490 \ 
417""^)" 
.817 ton in 24 hours. Ans. 
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(723) See Art. 1348. 

(724) See Art. 1342. 

(725) (a) and (/;) See Art. 1340. 

(726) {a) and (/;) See Art. 1338. 
(r) vSee Art. 1339. 

(727) Referring to Tables 28 and z^K it is evident that 
calcium brine must be used, and that the specific gravity 
should be about 1 21. Ans. 

(728) vSee Arts. 1436 and 1437. 

(729) See Arts. 1432 and 1433. 

(730) Ui) See Art. 1430. 

(d) and (c) See Art. 1431. 

(731) See Art. 1418. 

(732) See Arts. 1427 and 1428. 

(733) See Art. 1421. 

(734) vSee Art. 1411. 

(735) vSee Arts. 1412 and 1416. 

(736) Using formula 1 1 0, 

,, 035,342 -T- V)\ ()3o,342 X 3 ^ , , ^ . 

^' = -1 r,887:5 ■ = ii7887X->rr9 = '^^^ '^^'- '^^^• 

(737) See Art. 1 332, /'/ set/. 

(738) (^0 See Art. 1333. 
(d) vSee Art. 1335. 

(739) See Art. 1336. 

(74()) See Art. 1337. 

(741) The temperatures corresponding to the gauge 
pressures 135 lb. and 25 lb. are, respectively, 78.3° and 11.3°, 
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and the latent heat corresponding to the gauge pressure of 
25 lb. is about 548.5. See Table 26. 

The quantity of liquid used per hour is 113 cu. ft. -h 2^ = 
51.36 cu. ft. According to Table 26, a pound of ammonia 
liquid at a pressure of 25 lb. per sq. in. has a volume of 
about .025 cu. ft. ; hence a cubic foot will weigh about 

— — z=z 40 lb. and the weight of liquid used per hour is 
. ifZo 

(40 X 51.36) lb. 

Substituting in formula 1 27, 

F= .000084 P[r- (/, - /„)] = 
.000084 X 40 X 51.36 X [548.5 - (78.3 - 11.3)] = 

83.09 tons. Ans. 

(742) The piston displacement is .7854 X 6' X 10^ = 

296.84 cu. in. The volume of brine circulated per hour is, 

^ . 296.84X82X60 - 

therefore, cu. ft. 

1,7/ib 

Since the specific gravity of the brine is 1.2, the weight 

of a cubic foot is (62.42 X 1.2) lb. ; hence the weight of brine 

, . , , . 296.84X82X60X62.42X1.2,, 
circulated per hour is lb. = 

l,7>co 

63,307 lb. The heat abstracted by the brine per hour is 
.75 X 63,307 X (15 - 11) (see Art. 1456), and according 
to formula llO, 

_A_ _ .75 X 63,307 X (15 - 11) _ 

Deducting 20 per cent., the net capacity is 

15.98 X .8 = 12.78 tons. Ans. 

(743) {a) See Art. 1466. 
(/;) See Art. 1467. 

(744) See Art. 1460. 

(745) {a) See Arts. 1454 and 1455. 
{b) See Art. 1 456. 
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ICE-MAKING MACHINERY. 

(QUESTIONvS 749-7»4.) 



(749) See Arts. 1506 and 1507. 

(750) See Art. 1492. 

(751) To apply formula 131, we have ^=1.00, 
s = .892, ^ = 3->7, T - f = OS" - 40° = 28°. Substituting, 
we get 

F= .OOOlilur X l.()<) X 327 X .892 X 28 = 7.9H tons. 

This assumes the cooling to take place in 24 hours. As the 
time is to be only 4 hours, the capacity must be 6 X 7.96 tons 
= 47.76 tons. Ans. 

(752) See Art. 1595. 

(753) (a) vSee Art. 1500. 
{d) See Art. 1 502. 

(754) {a) and (d) vSee Art. 1478. 
{c) See Art. 1479. 

(755) See Arts. 1547 to 1550. 

(756) {a) and (/;) See Art. 1598. 

(757) (d) According to Art. 1559,1 lineal foot of 
2-inch direct -expansion pipe is necessary for every 13 cubic 
feet of space. Therefore, the total pipe required in the 
present case is ^-W" = 1,154 ft. Ans. 
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(/f) Accordinjj^ to the same article, 1 lineal foot of IJ-inch 
brinr pipe is required for every 5 cubic feet of space. 
Therefore, length of pipe required = ii jo.o = 3^000 feet. 

Ans. 

(758) (ii) See An. 1588. 

(/^ See Art. 1591. 

(759) Or) Total space = 10,000 + 15,000 + 50,000 = 
75, (MM) cu. ft. From Art. 1544, 1 ton of refrigeration 
may be allowed for the cooling of every 6,000 cubic feet. 
Therefore, the refrigeration required for this purpose 
= \u!\l\" — ^-'"^ tons. To apply formula 141, we have 
;/^ = 120, 7t', = 240, s^ = j\ (see Table 34), ;/, = 50, u\ = 700, 
/„ = .S. These values in the formula give 

J'=: .(HM>21():U1'^0 X 240 X .n+ 50 X 7(M) x .8) = 9.52 tons. 

Therefore, total refrigeration required = 12.5 + 9.52 = 
1'2 tons, nearly. Ans. 

(d) According to Arts. 1559 and 1560, 1 lineal foot 
of 2-inch pipe is required for every 13 cubic feet of chill room 
and for every 40 cubic feet of storage and pickling room. 
Therefore, 

pipe required in chill room = ^ Y^"" = '^'^^ ^^-j nearly. Ans. 
pipe required in storage and pickling room = 

3000^15.000^ .,^^^^ Ans. 
40 

(760) See Art. 1589. 

(761) See Art. 1550. 

(762) See Table 30. 10° Beaume. Ans. 

(763) See Art. 1485. 

(764) {a) See Art. 1571. 
(d) See Art. 1574. 

(765) See Art. 1580. 
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(766) {a) See Art. 1552. 
(d) See Art. 1553. 

(c) See Art. 1554. 

(767) {a) See Art. 1526." 
{d) vSee Art. 1527. 

(768) {a) See Art. 1481. 

(d) See Art. 1482. 

(769) See Art. 1570. The gross weight of the ice, 
or its weight before any of it melts, is 2.25 X 57.2 = 129 lb., 
nearly. The net weight is, therefore, 129 lb. — .05 X 129 lb. 
= 123 lb., nearly. . Ans. 

(770) See Art. 1549. 

(771) See Art. 1559. 

(772) The total space is 8,000 + 20,000 + 60,000 = 
88,000 cu. ft. For a house of this size, 1 ton of refrigera- 
tion may be allowed to cool 8,000 cubic feet. Therefore, 
the refrigeration required for cooling the rooms is WoV^ = 
11 tons. This leaves 25 — 11 = 14 tons for cooling the 
meat. From formula 141 we get, when there is only one 

kind of meat (remembering that .000003505 = — . q^^ ), 

\ 285,300/ 

r^ QOtrw^s^ n.w.s^ , 4,755/^ 

^ = c^cJ n^r^ = 4 ,^l^\ whence ;/, = — . 

285,300 4,755' ' ztf^s^ 

In the present case, F= 14, 7c\ = 250, s^ = .G. Therefore, 

4,755X14 .... , . 

n, = ^^^ ^ = 444 hogs, nearly. Ans.- 

(773) See Art. 1532. 

(774) {a) and (I?) See Art. 1484. 

(775) The approximate formula 132 gives for the 
refrigeration required to cool the wort, 

/^=-y>/= 2. G3 tons. 
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According to Art. 16299 1 ton of refrigeration will suf- 
fice for the heat of fermentation of 3H barrels ; hence, for 
100 barrels, \,Y = *2.78 tons are needed. For cooling the 

cellars ^ ' , = 8.57 tons are required. Therefore, the 
7,000 ^ ' 

total refrigeration required is 2.63 tons +2.78 tons + 8.57 

tons = 13.98 tons, or 14 tons, nearly. Ans. 

(776) See Arts. 1562 and 1563. 

(777) (a) See Art. 1586. 
{/?) vSee Art. 1584. 

(778) (a), {/?), and (c) vSee Art. 1562. 

(779) (a) vSee Art. 1493. 
(*) vSee Art. 1494. 

(780) See Art. 1 538. 

(781) Volume of cylinder = (3*)' X ^-- X 10 = 7(5.7 

cu. in. The number of strokes per minute being 60, the 
ammonia pumped per minute is 76.7 x 60 = 4,602 cu. in., 
or VVi^ = *^^ gallons, nearly. As every half a gallon requires 
a ton of refrigeration, or every gallon 2 tons (Art. 1512), 
the refrigeration required is 20 x 2 = 40 tons. Ans. 

(782) (a) See Art. 1533. 
(b) See Art. 1534. 

(783) {a) and (d) See Art. 1537. 

(784) (a) and (d) See Art. 1516. 

(785) (a) and (d) vSee Art. 1 540. 
(c-) See Art. 1541. 

(786) (fT) and (d) See Art. 1 502. 

(787) See Art. 1486. 
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(788) {a) Using formula 129, 

s = 1.053 + .00015 (60 - 39) =1.0562. Ans. 
(d) Using the same formula, 

s = 1.053 — .00015 (73 — 60) = 1.0511. Ans. 



(789) i< 


1 and {/>) See Art. 1 496. 


(790) {<'] 


1, (d), (c), and (d) See Art. 1512. 


(791) {a] 


) and {l>) See Art. 1480. 


(792) {a] 


) and (d) See Art. 1514. 


(793) {a] 


) See Art. 1 509. 


(*) 


See Art. 1510. 


(794) {a] 


) See Art. 1487. 


(*) 


1 See Art. 1 488, 



^5 



